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(57) Abstract 

The invention relates to the genetic manipulation of plants 
to enhance disease resistance. The methods involve genetically 
manipulating plants to produce a polyketide that induces the 
accumulation of defense-related proteins in a plant. Such 
methods find use in agriculture, particularly in lessening the 
impact of disease-causing organisms on crop plants. Methods 
for genetically manipulating plats to produce such a polyketide 
are provided. Transformed plants, plant cells, plant tissues and 
seeds thereof are also provided. 
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METHODS FOR ENHANCING THE DISEASE RESISTANCE OF 

PLANTS 



FIELD OF THE INVENTION 
The invention relates to the genetic manipulation of plants, particularly to 
transforming plants with genes that enhance disease resistance. 

5 BACKGROUND OF THE INVENTION 

Disease in plants is caused by biotic and abiotic causes. Biotic causes 
include fungi, viruses, bacteria, and nematodes. Of these, fungi are the most 
frequent causative agent of disease on plants. Abiotic causes of disease in plants 
include extremes of temperature, water, oxygen, soil pH, plus nutrient-element 

10 deficiencies and imbalances, excess heavy metals, and air pollution. 

A host of cellular processes enables plants to defend themselves from 
disease caused by pathogenic agents. Subsequent to recognition of a potentially 
pathogenic microbe, plants can activate an array of biochemical responses. 
Generally, the plant responds by inducing several local responses in the cells 

1 5 immediately surrounding the infection site. The most common resistance response 
observed in both nonhost and race-specific interactions is termed the 
"hypersensitive response" (HR). In the hypersensitive response, cells contacted by 
the pathogen, and often neighboring cells, rapidly collapse and dry in a necrotic 
fleck. Other responses include the deposition of callose, the physical thickening of 

20 cell walls by lignification, and the synthesis of various antibiotic small molecules 
and proteins. Genetic factors in both the host and the pathogen determine the 
specificity of these local responses, which can be very effective in limiting the 
spread of infection. 

In addition to the localized hypersensitive response, plants have evolved a 

25 systemic defense system that reduces the impact of subsequent pathogen attacks. 
In 1961, Ross (Virology 14: 340-358) reported that infections of tobacco mosaic 
virus on tobacco were restricted by a prior infection with tobacco mosaic virus. 
Ross also reported that this induced resistance was also effective against tobacco 
necrosis virus and certain bacterial pathogens. Furthermore, the induced resistance 
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was both local and systemic in that both the originally infected leaves as well as 
leaves that were not previously infected with tobacco mosaic virus displayed 
increased resistance to pathogens. Ross coined the term "systemic acquired 
resistance" to refer to the inducible systemic resistance. 
5 During the 1980's, systemic acquired resistance was studied intensively. 

The accumulation of a group of extracellular proteins called pathogenesis-related 
(PR) proteins were reported to correlate with the onset of SAR (Van Loon et al. 
(1982) Neth. J. Plant. Path. 55:237-256). Salicylic acid, a plant produced phenolic 
compound, was implicated as a signal in systemic acquired resistance based on the 

1 0 discovery that applying salicylic acid to plants induces both systemic acquired 
resistance and the accumulation of PR proteins (White, R. F. (1979) Virology 
9P:410-412. Despite two decades of intensive investigation, the exact role of 
salicylic acid in systemic acquired resistance remains unclear. 

As noted, among the causative agents of infectious disease of crop plants, 

15 the phytopathogenic fungi play the dominant role. Phytopathogenic fungi cause 
devastating epidemics, as well as causing significant annual crop yield losses. All 
of the approximately 300,000 species of flowering plants are attacked by 
pathogenic fungi. However, a single plant species can be host to only a few fungal 
species and similarly, most fungi usually have a limited host range. 

20 Plant disease outbreaks have resulted in catastrophic crop failures that have 

triggered famines and caused major social change. Generally, one of the best 
strategies for plant disease control is to use resistant cultivars selected or developed 
by plant breeders for this purpose. However, the potential for serious crop disease 
epidemics persists today, as evidenced by outbreaks of the Victoria blight of oats 

25 and southern corn leaf blight. Accordingly, molecular methods are needed to 
supplement traditional breeding methods to protect plants from pathogen attack. 

SUMMARY OF THE INVENTION 
Methods are provided for enhancing the resistance of plants to pathogens. 
30 The methods of the invention find use in agriculture for controlling plant 

pathogens including fungi, bacteria, viruses and nematodes. Such methods involve 
increasing the level of at least one defense-related protein in a plant. The methods 
comprise stably transforming plants with a gene encoding a polyketide synthase 
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operably linked to a promoter that drives expression in a plant. Preferably, the 
gene encodes a type I polyketide synthase. More preferably, the gene encodes 6- 
methylsalicylic acid synthase. 

Methods are provided comprising stably transforming a plant with a 

5 polyketide synthase gene and at least one additional gene. It is recognized that, in 
certain plants, or in certain compartments within a plant cell, there may be an 
insufficient level of a substrate or other key component involved in the synthesis of 
a polyketide via a polyketide synthase. It is also recognized that such an 
insufficiency may be overcome by stably transforming a plant with one or more 

10 additional genes. Such genes encode proteins that, for example, increase the level 
of a substrate for a polyketide synthase or convert the polyketide synthase from an 
inactive to active form. In a preferred embodiment of the invention, a plant is 
capable of expressing a gene encoding a 6-methylsalicylic acid synthase and a 
gene encoding a phosphopantetheinyl transferase. 

15 Also provided are transformed plants, plant tissues, plant cells and seeds 

thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 depicts the results of a western blotting experiment comparing the 
20 levels of PRl-like proteins in B73 maize leaves seven days after infiltration with 
solutions containing either 6-methylsalicylic acid or salicylic acid. 

Figure 2 depicts the results of a western blotting experiment comparing the 
levels of three PR proteins, PR1, glucanase and chitinase, in Xanthi-nc tobacco 
leaves seven days after infiltration with a solution containing either 2.5 mM 6- 
25 methylsalicylic acid or 2.5 mM salicylic acid. 

Figure 3 is graphical representation of the results of an experiment 
comparing the antifungal activity of 6-methylsalicylic acid to structurally related 
compounds. 

Figure 4 is a graphical representation of the relationship between the levels 
30 of PR1 and chitinase proteins and the level of 6-methylsalicylic acid in leaves of Tj 
tobacco plants transformed with a 6-methylsalicylic acid synthase gene from 
Penicillium patulum. 
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Figure 5 is a graphical representation of the effect of the level of 6- 
methylsalicylic acid in leaf tissue on the resistance against tobacco mosaic virus in 
transgenic tobacco expressing a 6-methylsalicylic acid synthase gene from 
Penicillium patulum. Mean lesion diameter on leaves was measured four days 

5 after inoculation with TMV. (A) Ti progeny of selfed T 0 plant SID #9 1 1403 . (B) 
Ti progeny of selfed T 0 plant SID #870955. 

Figure 6 is a graphical representation of the effects of maturation on 6- 
methylsalicylic acid levels in the leaves of To GS3 maize plants transformed with a 
6-methylsalicylic acid synthase gene from Penicillium patulum. Leaf 6 of V8- 

10 stage maize was used for the first sampling. For the second sampling leaf 8 of 
plants that had formed ears were used. 

Figure 7 is a graphical representation of the levels of 6-methylsalicylic acid 
and salicylic acid in maize kernels from T 0 GS3 maize plants that were 
transformed with a 6-methylsalicylic acid synthase gene from Penicillium patulum. 

1 5 The transformed GS3 plants were pollinated with HG1 1 . Control kernels were 
from nontransgenic GS3 plants that were pollinated with HG1 1 . The error bars 
represent standard error. 

Figure 8 is a graphical representation of 6-methylsalicylic acid levels in 
leaves from Ti maize plants that are progeny of To GS3 plants transformed with a 

20 6-methylsalicylic acid synthase gene from Penicillium patulum. To produce the T] 
plants, transformed To GS3 plants were pollinated with HG1 1. Each data point 
represents the mean of two extracts from leaf 9 of each Ti plant. The error bars 
represent standard error of the mean. Multiple VIO-stage Ti progeny from each To 
GS3 parent were analyzed. Only Ti plants that were determined to express the 6- 

25 methysalicylic acid synthase gene by RT-PCR were analyzed for 6-methylsalicylic 
acid accumulation. The SID# refers to the identity of the To GS3 parent. 



DETAILED DESCRIPTION OF THE INVENTION 
Methods are provided for enhancing the resistance of plants to pathogens. 
30 The methods of the invention find use in preventing or reducing pathogen-inflicted 
damage to plants, particularly agricultural plants. The methods involve genetically 
manipulating a plant to alter the expression of its endogenous defense responses 
resulting in the accumulation of at least one defense-related protein in the plant. 

-4- 
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Such methods provide plants and plant cells with enhanced resistance to 
pathogens. 

By "resistance" is intended that the plants avoid or limit the disease 
symptoms which are the outcome of plant-pathogen interactions. That is, 

5 pathogens are prevented from causing plant diseases and the associated disease 
symptoms, or alternatively, the disease symptoms caused by the pathogen is 
minimized or lessened. The methods of the invention can be utilized to protect 
plants from disease, particularly those diseases that are caused by plant pathogens. 
By "endogenous defense responses" is intended to include at least one of 

10 the components of one of the endogenous systems a plant can employ to limit or 
prevent the diseases and/or damage caused by pathogens. Such endogenous 
systems include, but are not limited to, hypersensitive responses, local and 
systemic acquired resistance, and wound responses Such systems encompass a 
variety of physiological processes including, for example, synthesis of 

1 5 pathogenesis-related proteins, programmed cell death, synthesis of phytoalexins, 
lignification of cell walls, formation of callose, synthesis of free radicals, synthesis 
of antibiotic molecules including proteins, evolution of antipathogenic volatiles, 
evolution of ethylene, and the like. 

By "defense-related protein" is intended any protein produced by a plant 

20 that aids, either directly or indirectly, in defending a plant against pathogens and/or 
is altered in level or activity as a result of a pathogen impacting a plant. Such 
"defense-related proteins" include, but are not limited to, pathogenesis-related 
proteins, proteinase inhibitors, systemin, antibiotic proteins, and the like. 
The methods of the invention provide plants and plant cells that are 

25 genetically manipulated to produce a polyketide that induces a plant's endogenous 
defense responses to pathogens. While the polyketide may be a functional analog 
of a naturally occurring inducer of defense responses such as salicylic acid, the 
invention encompasses any polyketide that induces a plant's endogenous defense 
responses. Such a polyketide is capable of inducing the accumulation of a defense- 

30 related protein in a plant. While the invention is not dependent on a specific 
polyketide, a preferred polyketide is 6-methylsalicylic acid. 

The methods of the invention comprise stably incorporating in the genome 
of a plant a DNA construct comprising a nucleotide sequence encoding a 
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polyketide synthase operably linked to a promoter that drives expression in a plant. 
The polyketide synthase utilized is one that catalyzes the formation of a polyketide 
which is capable of inducing the accumulation of a defense-related protein in a 
plant. Preferably, such a polyketide synthase is a type I polyketide synthase. More 
5 preferably, the polyketide synthase is 6-methylsalicylic acid synthase. Most 

preferably, the polyketide synthase is a 6-methylsalicylic acid synthase encoded by 
a nucleotide sequence selected from the group consisting of EMBL Accession No. 
X55776, GenBank Accession No. U31329 and DDBJ Accession No. D85860 
(SEQ ID NOs: 1-3, respectively). 

10 The polyketide synthases of the invention include 6-methylsalicylic acid 

synthases. Such enzymes catalyze the formation of 6-methylsalicylic acid, a 
structural and functional analogue of salicylic acid, an endogenous, plant-defense- 
response signaling molecule. While the exact role of salicylic acid in plant defense 
responses is unclear, salicylic acid is known to induce the expression of genes 

1 5 encoding defense-related proteins in plants. This salicylic acid-induced increase in 
gene expression leads to the accumulation of defense-related proteins along with 
an increase in disease resistance. While the invention is not bound by any 
particular mechanism of action, the application of 6-methylsalicylic acid to plants 
also induces the accumulation of defense-related proteins and enhances disease 

20 resistance. Furthermore, plants transformed to express 6-methylsalicylic acid 
synthase produce 6-methylsalicylic acid and accumulate enhanced levels of 
defense proteins. 

To achieve the desired level of a polyketide in a plant, a plant can be 
transformed with one or more nucleotide sequences encoding a protein that directly 

25 or indirectly affects the function of the polyketide synthases of the invention. 

Examples of a protein that indirectly affects the function of a polyketide synthase, 
include but are not limited to, an enzyme that catalyzes the synthesis of a substrate 
of a polyketide synthase and an enzyme which catalyzes the degradation or further 
metabolism of the polyketide. An example of such an enzyme is UDP- 

30 glucose:salicylic acid glucosyltransferase. This enzyme catalyzes the transfer of a 
glucosyl residue from UDP-glucose to salicylic acid. Recently, a tobacco UDP- 
glucose:salicylic acid glucosyltransferase was purified and its corresponding 
cDNA was cloned and sequenced (Lee and Raskin (1999) 1 Biol Chem. 
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274:36637-36642). An example of a protein that directly affects the function of a 
polyketide synthase is the enzyme, phosphopantetheinyl transferase. This enzyme 
converts a polyketide synthase from an inactive form into an active form by 
catalyzing one or more transfers of the phosphopantetheinyl moiety of Coenzyme 
5 A to a serine residue in the acyl carrier domain of the polyketide synthase. 

The methods of the invention comprise stably incorporating in the genome 
of a plant at least one additional DNA construct comprising a nucleotide sequence 
encoding a protein that affects the function of a polyketide synthase, operably 
linked to a promoter that drives expression in a plant. Depending on the desired 

10 outcome, a plant can be transformed with such a nucleotide sequence in either the 
sense orientation or antisense orientation. Generally, the sense orientation is 
utilized to increase the level of a protein in a plant, and the antisense orientation is 
utilized to decrease the level of a protein in the plant. In a preferred embodiment 
of the invention, the additional DNA construct comprises a nucleotide sequence 

15 encoding a phosphopantetheinyl transferase in the sense orientation operably 
linked to a promoter. Preferably, the nucleotide sequence encoding the 
phosphopantetheinyl transferase is selected from the group consisting of EMBL 
Accession No. A36232, GenBank Accession No. LI 743 8, EMBL Accession Nos. 
X65610 and X63158 and DDBJ Accession Nos. D50562 and D21876 (SEQ ID 

20 NOs: 4-9, respectively). 

It is recognized that one or more enzymes may be present in a plant that use 
the polyketide of the invention as a substrate. It is also recognized that the 
presence of such an enzyme in a plant may be undesirable because its associated 
enzymatic activity can decrease the level of the desired polyketide in a plant. In a 

25 preferred embodiment of the invention, the additional DNA construct comprises a 
nucleotide sequence encoding a glucosyltransferase in the antisense orientation 
operably linked to a promoter that drives expression in a plant cell. The 
glucosyltransferase selected is capable of catalyzing the synthesis of 6- 
methylsalicyiic acid glucosides, including, but not limited to, the 

30 glucosyltransferases encoded by GenBank Accession Nos. U32643 and U32644 
(SEQ ID NOs: 10-1 1, respectively) and the tobacco UDP-glucose:salicylic acid 
glucosyltransferase encoded by the nucleotide sequence reported by Lee and 
Raskin ((1999) J. Biol Chem. 274:36637-36642) (SEQ ID NO: 12). Antisense 
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expression of a nucleotide sequence of such a glucosyltransferase can eliminate or 
reduce the synthesis of 6-methylsalicylic acid glucosides in a plant, resulting in an 
increased level of 6-methylsalicylic acid in the plant. 

The nucleotide sequences encoding the polyketide synthases and additional 
5 proteins of the invention are operably linked to promoters that drive expression of 
the sequence in a plant cell. Any one of a variety of promoters can be used with 
the sequences of the invention depending on the desired timing and location of 
expression. Preferred promoters include constitutive, pathogen-inducible, insect- 
inducible, nematode-inducible, wound-inducible, tissue-preferred, developmentally 

1 0 regulated and chemically regulatable promoters. 

The polyketide synthases and additional proteins of the invention can be 
targeted to a specific cellular compartment. It is recognized that the substrates for 
the polyketide may occur in specific cellular compartments. Such compartments 
include, for example, the cytosol, chloroplast, mitochondrion and vacuole. 

1 5 The invention encompasses plants transformed with the polyketide 

synthases of the invention and seeds thereof. The invention also encompasses 
transformed plant cells and plant tissues. 

The invention provides plants transformed with nucleotide sequences 
encoding 6-methylsalicylic acid synthase. Such plants, or parts thereof, can 

20 produce substantial levels of 6-methylsalcylic acid. Plant parts of the invention are 
any part of a plant including, but not limited to, seeds, fruits, tubers, leaves, roots 
and flowers. Because 6-methylsalicylic acid is structurally similar to the known 
pharmacological agents, acetylsalicylic acid (aspirin) and salicylic acid, plant parts 
that accumulate 6-methylsalicylic acid may serve as therapeutic agents in 

25 therapeutic methods for humans and livestock. Such therapeutic methods involve 
administering a therapeutically effective amount of a plant part that contains 6- 
methylsalicylic acid. Alternatively, 6-methylsalicylic acid can be substantially 
purified from the plant or part thereof by methods known in the art, and such 
substantially purified 6-methylsalicylic acid can be administered. By 

30 "therapeutically effective amount" is intended an amount of a the plant part or 
product thereof, such as, for example, 6-methylsalicylic acid, that can alleviate or 
eliminate the effects of a malady when such a plant part or product is ingested or 
administered by any method known in the art. Any of the maladies that are known 
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in the art for which acetylsalicylic and other salicylates are used as therapeutic 
agents may be treated by the methods of the present invention. 

The polyketide synthases and additional proteins of the invention may be 
altered in various ways including amino acid substitutions, deletions, truncations, 
5 and insertions. Methods for such manipulations are generally known in the art. 
For example, amino acid sequence variants of the polyketide synthases can be 
prepared by mutations in the DNA. Methods for mutagenesis and nucleotide 
sequence alterations are well known in the art. See, for example, Kunkel, T. 
(1985) Proa Natl Acad. Sci. USA 52:488-492; Kunkel et al (1987) Methods in 

10 Enzymol 754:367-382; US Patent No. 4,873,192; Walker and Gaastra (eds.) 
Techniques in Molecular Biology, MacMillan Publishing Company, NY (1983) 
and the references cited therein. A mutagenic and recombinogenic procedure such 
as DNA shuffling may be employed to alter the polyketide synthases and other 
proteins of the invention (see U.S. Pat. Nos. 5,6057,93 and 5,837,458). Thus, the 

1 5 genes and nucleotide sequences of the invention include both the naturally 
occurring sequences as well as mutant forms. Likewise, the proteins of the 
invention encompass both naturally occurring proteins as well as variations and 
modified forms thereof. Such variants will continue to possess the desired enzyme 
activity or other function. Obviously, the mutations that will be made in the DNA 

20 encoding the variant must not place the sequence out of reading frame and 

preferably will not create complementary regions that could produce secondary 
mRNA structure. See EP Patent Application Publication No. 75,444. 

In this maimer, the present invention encompasses the polyketide synthases 
as well as components and fragments thereof. That is, it is recognized that 

25 component polypeptides or fragments of the proteins may be produced which 

retain polyketide synthase activity. These fragments include truncated sequences, 
as well as N-terminal, C-terminal, internal and internally deleted amino acid 
sequences of the proteins. 

The deletions, insertions, and substitutions of the protein sequence 

30 encompassed herein are not expected to produce radical changes in the 

characteristics of the protein. However, when it is difficult to predict the exact 
effect of the substitution, deletion, or insertion in advance of doing so, one skilled 
in the art will appreciate that the effect will be evaluated by routine screening 
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assays. That is, the enzyme activity of a polyketide synthase can be evaluated by 
standard methods known to those of ordinary skill in the art. See, for example, 
methods for measuring the activity of 6-methylsalicylic acid synthase (Spencer and 
Jordan, (1992) Biochem. /. 255:839-846). Alternatively, the accumulation of the 
5 polyketide product can be measured. See, for example, the methods disclosed in 
Example 4. 

The polyketide synthases described herein may be used alone or in 
combination with additional proteins or agents to protect against plant diseases and 
pathogens. 

10 A number of promoters can be used in the practice of the invention. The 

promoters can be selected based on the desired outcome. Constitutive, tissue- 
preferred pathogen-inducible and wound-inducible promoters may be used to 
control the expression of the genes encoding the polyketide synthases of the 
invention. If constitutive expression of the polyketide synthase is desired a 

1 5 constitutive promoter can employed. Constitutive promoters include for example, 
the 35S CaMV and U.S. Patent Nos. 5,608,149; 5,608,144; 5,604,121; 5,569,597; 
5,466,785; 5,399,680; 5,268,463; 5,608,142. 

Tissue-preferred promoters include Yamamoto et al (1997) Plant J. 
720:255-265; Kawamata et al (1997) Plant Cell Physiol 550:792-803; Hansen 

20 et al (1997) Mol Gen Genet 2540:337-343; Russell et al (1997) Transgenic 
Res, 50:157-168; Rinehart et al (1996) Plant Physiol 7720:1331-1341; Van 
Camp et al (1 996) Plant Physiol 7720:525-535; Canevascini et al (1996) Plant 
Physiol 772^:513-524; Yamamoto et al (1994) Plant Cell Physiol J50:773- 
778; Lam (1994) Results Probl Cell Differ. 20:181-196; Orozco et al (1993) Plant 

25 Mol Biol 23^:1129-1138; Matsuoka et al (1993) Proa Natl Acad ScL USA 
90(20j:9586-959O; and Guevara-Garcia et al (1993) Plant 7. 40:495-505. Such 
promoters can be modified, if necessary, for weak expression. 

Where low level expression is desired, weak promoters will be used. It is 
recognized that weak inducible promoters may be used. Additionally, either a 

30 weak constitutive or a weak tissue-preferred promoter may be used. 

Generally, by "weak promoter" is intended a promoter that drives 
expression of a coding sequence at a low level. By low level is intended at levels 
of about 1/1000 transcripts to about 1/100,000 transcripts to about 1/500,000 

-10- 



WO 00/55340 PCT/US00/04691 

transcripts. Alternatively, it is recognized that weak promoters also encompass 
promoters that are expressed in only a few cells and not in others to give a total 
low level of expression. Where a promoter is expressed at unacceptably high 
levels, portions of the promoter sequence can be deleted or modified to decrease 

5 expression levels. 

Such weak constitutive promoters include, for example, the core promoter 
of the Rsyn7 (copending application serial number 08/661,601), the core 35S 
CaMV promoter, and the like. 

If expression of the polyketide synthase is desired in response to a pathogen 

1 0 attack, a pathogen-inducible promoter can be utilized. Such promoters include 
those from pathogenesis-related proteins (PR proteins), which are induced 
following infection by a pathogen; e.g., PR proteins, SAR proteins, beta- 1,3- 
glucanase, chitinase, etc. See, for example, Redolfi et al (1983) Neth. J. Plant 
Pathol 89:245-254; Uknes et al (1992) The Plant Cell 4:645-656; and Van Loon 

15 (1985) PlantMol Virol 4:111-116. 

When expression is desired in the vicinity of the infection site, promoters 
that are expressed locally at or near the site of pathogen infection may be used. 
See, for example, Marineau et al (1987) Plant Mol Biol 9:335-342; Matton et al 
(1989) Molecular Plant-Microbe Interactions 2:325-331; Somsisch et al (1986) 

20 Proc. Natl Acad. ScL USA 83:2427-2430; Somsisch et al (1988) Molecular and 
General Genetics 2:93-98; and Yang, Y (1996) Proc. Natl Acad, Sci. USA 
93:14972-14977. See also, Chen etal (1996) Plant 1 10:955-966; Zhang and 
Sing (1994) Proc Natl Acad ScL USA 91 :2507-251 1; Warner et al (1993) Plant 
J. 3:191-201; Siebertz etal (1989) Plant Cell 1:961-968; Cordero etal (1992) 

25 Physiological and Molecular Plant Pathology 41:1 89-200; and the references cited 
therein. 

Additionally, as pathogens find entry into plants through wounds or insect 
damage, a wound inducible promoter may be used in the constructions of the 
invention. Such wound inducible promoters include potato proteinase inhibitor 
30 (pin II) gene (Ryan, C, Ann. Rev Phytopath. 25:425-449; Duan et al Nature 

Biotechnology 74:494-498); wunl and wun2, U.S. Patent No. 5,428,148; winl and 
win2 (Stanford et al Mol Gen Genet 275:200-208); systemin (McGurl et al 
Science 225:1570-1573); WIP1 (Rohmeier et al Plant Mol Biol 22:783-792; 
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Eckelkamp et al FEBS Letters 323:73-76); MPI gene (Corderok et al. The Plant 
Journal 6(2): 141-150); and the like, herein incorporated by reference. 

The polyketide synthases and additional proteins of the invention can be 
targeted to a specific cellular compartment. Methods for targeting a protein to a 
5 specific cellular compartment are known to those of ordinary skill in the art. If the 
desired subcellular location of polyketide synthase of the invention is the 
chloroplast, a chloroplast-targeting sequence can be operably linked to the coding 
sequence of the polyketide synthase. Chloroplast-targeting sequences are known 
in the art and include the chloroplast small subunit of ribulose-l,5-bisphosphate 

10 carboxylase (Rubisco), (de Castro Silva Filho et al (1996) Plant Mol Biol 
30:769-780; Schnell etal (1991)7. Biol Chem. 25^:3335-3342); 5- 
(enolpyruvyl)shikimate-3-phosphate synthase (EPSPS) (Archer et al (1990) J. 
Bioenerg. Biomemb. 22^:789-810); tryptophan synthase (Zhao et al (1995) 
J.Biol Chem. 270(1 7;:6081-6087); plastocyanin (Lawrence et al (1997) J Biol 

15 Chem. 272f33;:20357-20363); chorismate synthase (Schmidt et al (1993)/. Biol 
Chem. 268(36):27477-27457); and the light harvesting chlorophyll a/b binding 
protein (LHBP) (Lamppa et al (1988) J Biol Chem. 263:14996-14999). See also 
Von Heijne et al (1991) Plant Mol Biol Rep. 9:104-126; Clark et al (1989) J 
Biol Chem. 264:17544-17550; della-Cioppa et al (1987) Plant Physiol 84:965- 

20 968; Romer et al. (1993) Biochem. Biophys. Res. Commun. 796:1414-1421; and 
Shah et al (1986) Science 233:478-481. 

It is recognized that with the nucleotide sequences of the invention, 
antisense constructions, complementary to at least a portion of the messenger RNA 
(mRNA) for the nucleotide sequences encoding the proteins of the invention can 

25 be constructed. Antisense nucleotides are constructed to hybridize with the 

corresponding mRNA. Modifications of the antisense sequences may be made as 
long as the sequences hybridize to and interfere with expression of the 
corresponding mRNA. In this manner, antisense constructions having 70%, 
preferably 80%, more preferably 85% sequence identity to the corresponding 

30 antisensed sequences may be used. Furthermore, portions of the antisense 

nucleotides may be used to disrupt the expression of the target gene. Generally, 
sequences of at least 50 nucleotides, 100 nucleotides, 200 nucleotides, or greater 
may be used. 
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The nucleotide sequences of the present invention may also be used in the 
sense orientation to suppress the expression of endogenous genes in plants. 
Methods for suppressing gene expression in plants using nucleotide sequences in 
the sense orientation (cosuppression) are known in the art. The methods generally 
5 involve transforming plants with a DNA construct comprising a promoter that 
drives expression in a plant operably linked to at least a portion of a nucleotide 
sequence that corresponds to the transcript of the endogenous gene. Typically, 
such a nucleotide sequence has substantial sequence identity to the sequence of the 
transcript of the endogenous gene, preferably greater than about 65% sequence 

1 0 identity, more preferably greater than about 85% sequence identity, most 
preferably greater than about 95% sequence identity. See, U.S. Patent Nos. 
5,283, 1 84 and 5,034,323; herein incorporated by reference. 

The genes encoding the polyketide synthases and additional proteins of the 
invention can be introduced into any plant. The genes to be introduced can be 

15 conveniently used in expression cassettes for introduction and expression in any 
plant of interest. 

Such expression cassettes will comprise a transcriptional initiation region 
linked to the polyketide synthase sequence of interest. Such an expression cassette 
is provided with a plurality of restriction sites for insertion of the gene of interest to 
20 be under the transcriptional regulation of the regulatory regions. The expression 
cassette may additionally contain selectable marker genes. 

The transcriptional initiation region, the promoter, may be native or 
analogous or foreign or heterologous to the plant host. Additionally, the promoter 
may be the natural sequence or alternatively a synthetic sequence. By foreign is 
25 intended that the transcriptional initiation region is not found in the native plant 
into which the transcriptional initiation region is introduced. As used herein a 
chimeric gene comprises a coding sequence operably linked to a transcription 
initiation region that is heterologous to the coding sequence. 

The transcriptional cassette will include in the 5-3' direction of 
30 transcription, a transcriptional and translational initiation region, a DNA sequence 
of interest, and a transcriptional and translational termination region functional in 
plants. The termination region may be native with the transcriptional initiation 
region, may be native with the DNA sequence of interest, or may be derived from 
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another source. Convenient termination regions are available from the Ti-plasmid 
of A. tumefaciens, such as the octopine synthase and nopaline synthase termination 
regions. See also, Guerineau et al (1991) Afo/. Gen. Genet 262:141-144; 
Proudfoot (1991) Cell 64:671-674; Sanfacon et al (1991) Genes Dev. 5:141-149; 
5 Mogen et al. (1990) Plant Cell 2:1261-1272; Munroe et al (1990) Gene 91:151- 
158; Ballast al 1989) Nucleic Acids Res. 17:7891-7903; Joshi etal (1987) 
Nucleic Acid Res. 15:9627-9639. 

The expression cassette may additionally contain at least one additional 
gene to be cotransformed into the organism. Alternatively, the additional gene(s) 

1 0 can be provided on another expression cassette. Where appropriate, the gene(s) 
may be optimized for increased expression in the transformed plant. That is, the 
genes can be synthesized using plant-preferred codons for improved expression. 
Methods are available in the art for synthesizing plant-preferred genes. See, for 
example, U.S. Patent Nos. 5,380,831, 5,436,391, and Murray et al (1989) Nucleic 

1 5 Acids Res. 1 7:477-498, herein incorporated by reference. 

Additional sequence modifications are known to enhance gene expression 
in a cellular host. These include elimination of sequences encoding spurious 
polyadenylation signals, exon-intron splice site signals, transposon-like repeats, 
and other such well-characterized sequences, which may be deleterious to gene 

20 expression. The G-C content of the sequence may be adjusted to levels average for 
a given cellular host, as calculated by reference to known genes expressed in the 
host cell. When possible, the sequence is modified to avoid predicted hairpin 
secondary mRNA structures. 

The expression cassettes may additionally contain S'-leader sequences in 

25 the expression cassette construct. Such leader sequences can act to enhance 
translation. Translation leaders are known in the art and include: picornavirus 
leaders, for example, EMCV leader (Encephalomyocarditis 5'-noncoding region) 
(Elroy-Stein et al. (1989) PNAS USA 56:6126-6130); potyvirus leaders, for 
example, TEV leader (Tobacco Etch Virus) (Allison et al (1986); MDMV leader 

30 (Maize Dwarf Mosaic Virus); Virology 1 54:9-20), and human immunoglobulin 
heavy-chain binding protein (BiP), (Macejak et al (1991) Nature 353:90-94; 
untranslated leader from the coat protein mRNA of alfalfa mosaic virus (AMV 
RNA 4), (Jobling et al. (1987) Nature 325:622-625; tobacco mosaic virus leader 
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(TMV), (Gallie et al (1989) Molecular Biology ofRNA, pages 237-256; and maize 
chlorotic mottle virus leader (MCMV) (Lommel et al (1991) Virology 
57:382-385). See also, Della-Cioppa et al (1987) Plant Physiology 54:965-968. 
Other methods known to enhance translation can also be utilized, for example, 
5 introns, and the like. 

In preparing the expression cassette, the various DNA fragments may be 
manipulated, so as to provide for the DNA sequences in the proper orientation and, 
as appropriate, in the proper reading frame. Towards this end, adapters or linkers 
may be employed to join the DNA fragments or other manipulations may be 

1 0 involved to provide for convenient restriction sites, removal of superfluous DNA, 
removal of restriction sites, or the like. For this purpose, in vitro mutagenesis, 
primer repair, restriction, annealing, resubstitutions, e.g. transitions and 
transversions, may be involved. 

The polyketide synthase genes of the present invention can be used to 

1 5 transform any plant. In this manner, genetically modified plants, plant cells, plant 
tissue, seed, and the like can be obtained. Transformation protocols may vary 
depending on the type of plant or plant cell, i.e. monocot or dicot, targeted for 
transformation. Suitable methods of transforming plant cells include 
microinjection (Crossway et al (1986) Biotechniques 4:320-334), electroporation 

20 (Riggs et al (1986) Proc. Natl Acad. Sci. USA 83:5602-5606, Agrobacterium- 
mediated transformation (Hinchee et al (1988) Biotechnology 6:915-921), direct 
gene transfer (Paszkowski et al (1984) EMBO 1 3:2717-2722), and ballistic 
particle acceleration (see, for example, Sanford et al y U.S. Patent 4,945,050; 
Tomes et al "Direct DNA Transfer into Intact Plant Cells via Microprojectile 

25 Bombardment" In Gamborg and Phillips (Eds.) Plant Cell Tissue and Organ 
Culture: Fundamental Methods, Springer-Verlag, Berlin (1995); and McCabe et 
al (1988) Biotechnology 6:923-926). Also see, Weissinger et al (1988) ,4™. Rev. 
Genet. 22:421-477; Sanford et al (1987) Particulate Science and Technology 
5:27-37 (onion); Christou et al (1988) Plant Physiol 87:671-674 (soybean); 

30 McCabe et al (1988) Bio/Technology 6:923-926 (soybean); Datta et al. (1990) 
Biotechnology 8:736-740 (rice); Klein et al (1988) Proc. Natl Acad. Sci. USA 
85:4305-4309 (maize); Klein et al (1988) Biotechnology 6:559-563 (maize); 
Tomes et al "Direct DNA Transfer into Intact Plant Cells via Microprojectile 
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Bombardment" In Gamborg and Phillips (Eds.) Plant Cell Tissue and Organ 
Culture: Fundamental Methods, Springer- Verlag, Berlin (1995) (maize); Klein et 
al (1988) Plant Physiol. 91:440-444 (maize); Fromm etal. (1990) Biotechnology 
8:833-839 (maize); Hooydaas-Van Slogteren et al. 1984) Nature (London) 
5 311:763-764; Bytebier^ a/. (19*7) Proc. Natl. Acad. Sci. USA 54:5345-5349 
(Liliaceae); De Wet et al. (1985) In The Experimental Manipulation of Ovule 
Tissues ed. G.P. Chapman et al., pp. 197-209. Longman, NY (pollen); Kaeppler et 
al (1990) Plant Cell Reports 9:415-418; and Kaeppler et al. (1992) Theor. Appl 
Genet 84:560-566 (whisker-mediated transformation); D'Halluin et al. (1992) 

10 Plant Cell 4: 1495-1505 (electroporation); Li et al. (1993) Plant Cell Reports 

72:250-255 and Christou et al (1995) Annals of Botany 75:407-413 (rice); Osjoda 
et al (1996) Nature Biotechnology 74:745-750 (maize via Agrobacterium 
tumefaciens); all of which are herein incorporated by reference. 

The cells, which have been transformed, may be grown into plants in 

15 accordance with conventional ways. See, for example, McCormick et al (1986) 
Plant Cell Reports 5:81-84. These plants may then be grown, and either pollinated 
with the same transformed strain or different strains, and the resulting hybrid 
having the desired phenotypic characteristic identified. Two or more generations 
may be grown to ensure that the subject phenotypic characteristic is stably 

20 maintained and inherited and then seeds harvested to ensure the desired phenotype 
or other property has been achieved. 

In the methods of the invention, plants genetically manipulated to enhance 
disease resistance are utilized. By "genetically manipulated" is intended modifying 
the genome of an organism, preferably a plant, including cells and tissue thereof, 

25 by any means known to those skilled in the art. Modifications to a genome include 
both losses and additions of genetic material as well as any sorts of rearrangements 
in the organization of the genome. Such modifications can be accomplished by, 
for example, transforming a plant's genome with a DNA construct containing 
nucleotide sequences which are native to the recipient plant, non-native or a 

30 combination of both, conducting a directed sexual mating or cross pollination 
within a single species or between related species, fusing or transferring nuclei, 
inducing mutagenesis and the like. In the practice of the present invention, 
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transformation and cross pollination are preferred means for genetically 
manipulating plants to enhance disease resistance. 

In the practice of certain specific embodiments of the present invention, a 
plant is genetically manipulated to produce more than one enzyme or protein 
involved in polyketide synthesis. Those of ordinary skill in the art realize that this 
can be accomplished in any one of a number of ways. For example, each of the 
respective coding sequences for such enzymes can be operably linked to a 
promoter and then joined together in a single continuous fragment of DNA 
comprising a multigenic expression cassette. Such a multigenic expression 
cassette can be used to transform a plant to produce the desired outcome. 
Alternatively, separate plants can be transformed with expression cassettes 
containing one or a subset of the desired set of coding sequences. Transformed 
plants that express the desired activity can be selected by standard methods 
available in the art such as, for example, assaying enzyme activities, 
immunoblotting using antibodies which bind to the proteins of interest, assaying 
for the products of a reporter or marker gene, and the like. Then, all of the desired 
coding sequences can be brought together into a single plant through one or more 
rounds of cross pollination utilizing the previously selected transformed plants as 
parents. 

Methods for cross pollinating plants are well known to those skilled in the 
art, and are generally accomplished by allowing the pollen of one plant, the pollen 
donor, to pollinate a flower of a second plant, the pollen recipient, and then 
allowing the fertilized eggs in the pollinated flower to mature into seeds. Progeny 
containing the entire complement of desired coding sequences of the two parental 
plants can be selected from all of the progeny by standard methods available in the 
art as described supra for selecting transformed plants. If necessary, the selected 
progeny can be used as either the pollen donor or pollen recipient in a subsequent 
cross pollination. 

The present invention may be used for transformation of any plant species, 
including, but not limited to, corn (Zea mays), Brassica sp. (e.g., B. napus, B, rapa, B. 
juncea), particularly those Brassica species useful as sources of seed oil, alfalfa 
(Medicago sativa), rice (Oryza sativa), rye (Secale cereale), sorghum (Sorghum 
bicolor, Sorghum vulgare), millet (e.g., pearl millet (Pennisetum glaucum\ proso 
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millet (Panicum miliaceum), foxtail millet (Setaria italica), finger millet (Eleusine 
coracana)), sunflower (Helianthus annuus), safflower (Carthamus tinctorius), wheat 
(Triticum aestivum), soybean (Glycine max), tobacco (Nicotiana tabacum), potato 
(Solarium tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium barbadense, 
5 Gossypium hirsutum), sweet potato (Ipomoea batatus), cassava (Manihot esculenta), 
coffee (Cofea spp.), coconut (Cocos nucifera), pineapple (Ananas comosus), citrus 
trees (Citrus spp.), cocoa (Theobroma cacao), tea (Camellia sinensis), banana (Musa 
spp.), avocado (Persea americana), fig (Ficus casica), guava (Psidium guajava), 
mango (Mangifera indica), olive (Olea europaea), papaya (Carica papaya), cashew 

1 0 (Anacardium occidentale), macadamia (Macadamia integrifolia), almond (Prunus 
amygdalus), sugar beets (Beta vulgaris), sugarcane (Saccharum spp.), oats, barley, 
vegetables, ornamentals, and conifers. 

The invention is drawn to compositions and methods for inducing 
resistance in a plant to plant pests. Accordingly, the compositions and methods are 

15 also useful in protecting plants against fungal pathogens, viruses, nematodes, 
insects and the like. 

Pathogens of the invention include, but are not limited to, viruses or 
viroids, bacteria, insects, nematodes, fungi, and the like. Viruses include any plant 
virus, for example, tobacco or cucumber mosaic virus, ringspot virus, necrosis 

20 virus, maize dwarf mosaic virus, etc. Specific fungal and viral pathogens for the 
major crops include: Soybeans : Phytophthora megasperma fsp. glycinea, 
Macrophomina phaseolina, Rhizoctonia solani, Sclerotinia sclerotiorum, Fusarium 
oxysporum, Diaporthe phaseolorum var. sojae (Phomopsis sojae), Diaporthe 
phaseolorum var. caulivora, Sclerotium rolfsii, Cercospora kikuchii, Cercospora 

25 sojina, Peronospora manshurica, Colletotrichum dematium (Colletotichum 
truncatum), Corynespora cassiicola, Septoria glycines, Phyllosticta sojicola, 
Alternaria alternata, Pseudomonas syringae p.v. glycinea, Xanthomonas 
campestris p.v. phaseoli, Microsphaera diffusa, Fusarium semitectum, 
Phialophora gregata, Soybean mosaic virus, Glomerella glycines, Tobacco Ring 

30 spot virus, Tobacco Streak virus, Phakopsora pachyrhizi, Pythium 

aphanidermatum, Pythium ultimum, Pythium debaryanum, Tomato spotted wilt 
virus, Heterodera glycines Fusarium solani', Canola: Albugo Candida, Alternaria 
brassicae, Leptosphaeria maculans, Rhizoctonia solani, Sclerotinia sclerotiorum, 
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Mycosphaerella brassiccola, Pythium ultimum, Peronospora parasitica, Fusarium 
roseum, Alternaria alternata\ Alfalfa : Clavibater michiganese subsp. insidiosum, 
Pythium ultimum, Pythium irregulare, Pythium splendens, Pythium debaryanum, 
Pythium aphanidermatum, Phytophthora megasperma, Peronospora trifoliorum, 
5 Phoma medicaginis var. medicaginis, Cercospora medicaginis, Pseudopeziza 
medicaginis, Leptotrochila medicaginis, Fusarium, Xanthomonas campestris p.v. 
alfalfae, Aphanomyces euteiches, Stemphylium herbarum, Stemphylium alfalfae; 
Wheat: Pseudomonas syringae p.v. atrofaciens, Urocystis agropyri, Xanthomonas 
campestris p.v. translucens, Pseudomonas syringae p.v. syringae, Alternaria 

10 alternata, Cladosporium herbarum, Fusarium graminearum, Fusarium 
avenaceum, Fusarium culmorum, Ustilago tritici, Ascochyta tritici, 
Cephalosporium gramineum, Collotetrichum graminicola, Erysiphe graminis f.sp. 
tritici, Puccinia graminis f.sp. tritici, Puccinia recondita f.sp. tritici, Puccinia 
striiformis, Pyrenophora tritici-repentis, Septoria nodorum, Septoria tritici, 

1 5 Septoria avenae, Pseudocercosporella herpotrichoides, Rhizoctonia solani, 
Rhizoctonia cerealis, Gaeumannomyces graminis var. tritici, Pythium 
aphanidermatum, Pythium arrhenomanes, Pythium ultimum, Bipolaris 
sorokiniana, Barley Yellow Dwarf Virus, Brome Mosaic Virus, Soil Borne Wheat 
Mosaic Virus, Wheat Streak Mosaic Virus, Wheat Spindle Streak Virus, American 

20 Wheat Striate Virus, Claviceps purpurea, Tilletia tritici, Tilletia laevis, Ustilago 
tritici, Tilletia indica, Rhizoctonia solani, Pythium arrhenomannes, Pythium 
gramicola, Pythium aphanidermatum, High Plains Virus, European wheat striate 
virus; Sunflower : Plasmophora halstedii, Sclerotinia sclerotiorum, Aster Yellows, 
Septoria helianthi, Phomopsis helianthi, Alternaria helianthi, Alternaria zinniae, 

25 Botrytis cinerea, Phoma macdonaldii, Macrophomina phaseolina, Erysiphe 

cichoracearum, Rhizopus oryzae, Rhizopus arrhizus, Rhizopus stolonifer, Puccinia 
helianthi, Verticillium dahliae, Erwinia carotovorum pv. carotovora, 
Cephalosporium acremonium, Phytophthora cryptogea, Albugo tragopogonis; 
Com: Fusarium moniliforme var. subglutinans, Erwinia stewartii, Fusarium 

30 moniliforme, Gibberella zeae (Fusarium graminearum), Stenocarpella maydi 
(Diplodia maydis), Pythium irregulare, Pythium debaryanum, Pythium 
graminicola, Pythium splendens, Pythium ultimum, Pythium aphanidermatum, 
Aspergillus flavus, Bipolaris maydis O, T (Cochliobolus heterostrophus), 

-19- 



WO 00/55340 



PCT/US00/04691 



Helminthosporium carbonum I, II & m (Cochliobolus carbonum), Exserohilum 
turcicum I, II & HI, Helminthosporium pedicellatum, Physoderma maydis, 
Phyllosticta maydis, Kabatiella maydis, Cercospora sorghi, Ustilago maydis, 
Puccinia sorghi, Puccinia polysora, Macrophomina phaseolina, Penicillium 
5 oxalicum, Nigrospora oryzae, Cladosporium herbarum, Curvularia lunata, 
Curvularia inaequalis, Curvularia pallescens, Clavibacter michiganense subsp. 
nebraskense, Trichoderma viride, Maize Dwarf Mosaic Virus A & B, Wheat 
Streak Mosaic Virus, Maize Chlorotic Dwarf Virus, Claviceps sorghi, 
Pseudonomas avenae, Erwinia chrysanthemi pv. zea, Erwinia carotovora, Corn 

1 0 stunt spiroplasma, Diplodia macrospora, Sclerophthora macrospora, 

Peronosclerospora sorghi, Peronosclerospora philippinensis, Peronosclerospora 
maydis, Peronosclerospora sacchari, Sphacelotheca reiliana, Physopella zeae, 
Cephalosporium maydis, Cephalosporium acremonium, Maize Chlorotic Mottle 
Virus, High Plains Virus, Maize Mosaic Virus, Maize Rayado Fino Virus, Maize 

1 5 Streak Virus, Maize Stripe Virus, Maize Rough Dwarf Virus; Sorghum : 

Exserohilum turcicum, Colletotrichum graminicola (Glomerella graminicola), 
Cercospora sorghi, Gloeocercospora sorghi, Ascochyta sorghina, Pseudomonas 
syringae p.v. syringae, Xanthomonas campestris p.v. holcicola, Pseudomonas 
andropogonis, Puccinia purpurea, Macrophomina phaseolina, Perconia circinata, 

20 Fusarium moniliforme, Alternaria alternata, Bipolaris sorghicola, 

Helminthosporium sorghicola, Curvularia lunata, Phoma insidiosa, Pseudomonas 
avenae (Pseudomonas alboprecipitans), Ramulispora sorghi, Ramulispora 
sorghicola, Phyllachara sacchari, Sporisorium reilianum (Sphacelotheca reiliana), 
Sphacelotheca cruenta, Sporisorium sorghi, Sugarcane mosaic H, Maize Dwarf 

25 Mosaic Virus A & B, Claviceps sorghi, Rhizoctonia solani, Acremonium strictum, 
Sclerophthona macrospora, Peronosclerospora sorghi, Peronosclerospora 
philippinensis, Sclerospora graminicola, Fusarium graminearum, Fusarium 
oxysporum, Pythium arrhenomanes, Pythium graminicola, etc. 

Nematodes include parasitic nematodes such as root-knot, cyst, burrowing, 

30 reniform and lesion nematodes, including Heterodera and Globodera spp; 
particularly Globodera rostochiensis and globodera pailida (potato cyst 
nematodes); Heterodera glycines (soybean cyst nematode); Heterodera schachtii 
(beet cyst nematode); and Heterodera avenae (cereal cyst nematode). 
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The methods of the invention can be used with other methods available in 
the art for enhancing disease resistance in plants. 

The following examples are offered by way of illustration and not by way 
of limitation. 

5 EXAMPLE 1 

6-Methylsalicylate Induces PR Protein Accumulation in Plants 

Maize (Zea mays inbred B73) plants were grown in Strong-Lite Universal 
Mix potting soil (Universal Mix, Pine Bluff, AZ) and raised in a greenhouse (16-h 

10 day, 20 to 35 C, 50% relative humidity, 560 to 620 jiE s-1 m-2 of light from both 
sunlight and halogen lamps). To determine the effect of 6-methylsalicylic acid or 
salicylic acid on accumulation of defense proteins in maize, leaves of seedlings at 
the V-4 stage were infiltrated with an aqueous solution containing a buffer and 
either 6-methylsalicylate or salicylate at concentrations ranging from 0 to 2.0 mM. 

15 The leaf blade of the fifth leaf was infiltrated from the underside using a needle- 
less disposable syringe with a solution of the test compound in 1 mM sodium 
acetate buffer, pH 5.5. Three plants were used for each treatment. Seven days 
after infiltration, proteins were extracted from leaf tissue by acidic extraction. 
Leaf tissues were homogenized in 100 mM sodium phosphate-citrate buffer, pH 

20 2.8, containing 6 mM ascorbic acid and 1% (vA>) 2-mercaptoethanol. The acidic 
extracts were mixed with one-fourth volume of 5X reducing buffer (312.5 mM 
Tris, 10% (w/v) sodium dodecyl sulfate, 50% (v/v) glycerol, 25% (v/V) 2- 
mercaptoethanol, 0.05% (w/v) bromophenol blue) and incubated at 100°C for 5 
minutes immediately prior to being subjected to denaturing polyacrylamide gel 

25 electrophoresis on 4-20% Tris-glycine gradient gels obtained from Novex (San 
Diego, CA). The leaf proteins were transferred from the gel to a PVDF membrane 
(0.2 |im) and subjected to western blot analysis using antiserum raised against 
tobacco PR la and chemiluminescent detection. 

At all concentrations tested, both 6-methylsalicylate-treated leaves and 

30 salicylate-treated leaves had dramatically higher levels of PR1 -like proteins than 
did either untreated leaves or buffer-infiltrated leaves (Figure 1). At the lowest 
concentration tested, 0.5 mM, salicylate-treated leaves had a higher level of PR1- 
like proteins than did 6-methylsalicylate-treated leaves. However, the 6- 
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methylsalicylate utilized in this and the following experiments was not pure and 
thus, the actual concentration of 6-methylsalicylate in the solutions was most likely 
lower than indicated in Figure 1. 

A similar experiment was conducted with Xanthi-nc tobacco plants grown 
5 under conditions as described supra for maize. Leaf six of eight-week old plants 
was syringe-infiltrated with an aqueous solution of 5 mM Bis-tris, pH 6.5 alone or 
with the addition of either 2.5 mM 6-methylsalicylate or 2.5 mM salicylate. 
Proteins were acidic-buffer extracted from leaves seven days after infiltration and 
analyzed by western blotting using antisera raised against tobacco PR proteins as 

10 described supra for maize. Both 6-methylsalicylate-treated leaves and salicylate- 
treated leaves had dramatically higher levels of PR1, glucanase and chitanase than 
did either untreated leaves or buffer-infiltrated leaves (Figure 2). 

Thus, the experiments with maize and tobacco reveal that 6-methylsalicylic 
acid, like salicylic acid, is able to induce the accumulation of PR proteins in both a 

15 monocot maize and a dicot, tobacco. Because the PR proteins are components of 
systemic acquired resistance in plants, these results suggest that 6-methylsalicylic 
acid is an inducer of disease resistance in plants. 



EXAMPLE 2 

20 Effects of Foliar Application of 6-Methylsalicylate on TMV-Induced Lesions in 

Tobacco 



To test the ability of 6-methylsalicylate to induce disease resistance in 
plants, leaves of tobacco plants were treated as described in Example 2. Seven 

25 days after treatment, treated leaves (leaf 6) were inoculated with 0. 1 mL of an 

aqueous suspension containing 5 ]ig tobacco mosaic virus (TMV) particles per mL. 
The area of 50 TMV-induced lesions on leaf 6 was measured on five plants for 
each treatment. Mean lesion area was significantly smaller on 6-methylsalicylate- 
treated leaves and salicylate-treated leaves as compared to either similar untreated 

30 or buffer-treated leaves. Mean lesion area for the control and buffer-treated leaves 
was about 1 and 1.2 mm 2 , respectively. For the 6-methylsalicylate-treated leaves 
and salicylate-treated leaves, mean lesion areas were only about 0.65 and 0.35 
mm 2 , respectively. Although mean lesion area was smallest for the salicylate- 
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treated leaves, the results revealed that 6-methylsalicylate induces resistance in 
tobacco plants to disease caused by TMV. 

EXAMPLE 3 

5 Assessing the Antifungal activity of 6-Methylsalicylic Acid and its Analogues 

To test the antifungal activity of 6-methylsalicylic acid and analogs, in vitro 
assays were conducted following the method described by Duvick, J.P. et al 
((1992)7. Biol Chem. 267: 18814-18820). Compounds were applied to 

10 ungerminated spores. In addition to 6-methylsalicylic acid (6-MeSA), 3- 
methylsalicylic acid (3-MeSA), 4-methyisalicylic acid (4-MeSA) and 5- 
methylsalicylic acid (5-MeSA) were tested. All compounds were applied at a rate 
of 100 (ag/mL. The fungi selected for the study were four maize pathogens, 
Aspergillus flavus y Fusarium graminearum, Fusarium moniliforme and 

15 Cercospora zea-maydis. Inhibition of spore germination and hyphal growth was 
assessed at 24 hours after the compounds were applied to the fungi. Antifungal 
activity was scored on a scale of zero to four with zero equal to no inhibition of 
spore germination and hyphal growth and four equal to total inhibition of spore 
germination and hyphal growth. Unlike its analogues, 6-methlysalicylic acid had 

20 no antifungal activity against any of the fungi tested at 100 |ig/mL (Figure 3). 
Both 3-methylsalicylic acid and 4-methylsalicylic acid had strong antifungal 
activity against all the maize pathogens except A. flavus. For 5-methylsalicylic 
acid, intermediate antifungal activity was detected against Fusarium graminearum 
and Cercospora zea-maydis, and no activity was observed against Fusarium 

25 moniliforme and Aspergillus flavus. 

The observation that 6-methlysalicylic acid had no antifungal activity 
against the four maize pathogens was unexpected because 6-methylsalicylic acid 
was previously reported to have antimicrobial activity against fungi and bacteria 
(Venkatasubbaiah et al (1992) Mycologia 84: 715-723; Venkatasubbaiah et 

30 a/.(1994) Plant Dis. 79:1157-1160). 

A second experiment to evaluate the antifungal activity of 6-methylsalicylic 
acid and its analogs was conducted. Compounds were assayed at 0, 3.13, 6.25, 

12.5, 25, 590, 100, and 200 ng/mL using the method described by Duvick, J.P. et 
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al ((1992) Biol Chem. 267: 18814-18820). The effects of the compounds on 
spore and hyphal growth of Aspergillus flavus, Fusarium graminearum, Fusarium 
moniliforme, Colletotrichum graminicola and Cochliobolus heterostrophus were 
investigated. Similar to the first experiment, 6-methylsalicylic acid displayed the 

5 lowest level of antifungal activity of the compounds tested (Tables 1 and 2). A 
concentration of 200 \igJmL 6-methylsalicylic acid or higher was required to 
achieve detectable inhibition of spore germination and hyphal growth for four of 
five fungal species tested (Table 1). Colletotrichum graminicola was more 
sensitive to 6-methylsalicylic acid than the other fungi. At a concentration of 100 

10 ng/mL, 6-methylsalicylic acid displayed some antifungal activity against this 
fungus (Table 1). However, spore germination and hyphal growth of 
Colletotrichum graminicola could not be completed arrested at a concentration of 
200 ^g/mL (Table 2). All the other compounds tested achieved complete spore 
germination and growth inhibition of Colletotrichum graminicola at 100 ng/mL. 

15 Unlike its structural analogs, 6-methylsalicylic acid was not able to completely 
arrest germination and growth of any of the fungi tested at concentration of 200 
Hg/mL or lower. 



20 Table 1 



Minimum concentration resulting in detectable inhibition of 
spore gennination and hyphal growth (ug/mL) 


Compound 


Aspergillus 
flavus 


Colletotrichum 
graminicola 


Cochliobolus 
heterostrophus 


Fusarium 
graminearum 


Fusarium 
moniliforme 


3-MeSA : 


100 


100 


100 


100 


200 


4-MeSA 


100 


100 


100 


100 


200 


5-MeSA 


200 


50 


3.13 


200 


200 


6-MeSA 


>200 


100 


>200 


200 


>200 
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Table 2 



Minimum concentration resulting in complet 
spore germination and hyphal growth i 


e inhibition of 
;Mg/mL) 


Compound 


Aspergillus 
flavus 


Colletotrichum 
graminicola 


Cochliobolus 
heterostrophus 


Fusarium 
graminearum 


Fusarium 
moniliforme 


3-MeSA 


200 


100 


200 


200 


200 


4-MeSA 


200 


100 


200 


200 


200 


5-MeSA 


200 


100 


200 


200 


200 


6-MeSA 


>200 


>200 


>200 


>200 


>200 



5 EXAMPLE 4 

Genetically Engineering Plants to Produce 6-Methylsalicylic Acid. 

Agrobacterium-medi3te& transformation of Xanthi-nc NN- and nn- 
genotype tobacco was accomplished using the 19.9 kb vector comprising: (1) an 

10 SCP1 promoter operably linked to a nucleotide sequence comprising a chloroplast- 
targeting sequence operably linked to a 6-methylsalicylic acid synthase coding 
sequence; and (2) an UCP3 promoter operably linked to a NPTII selectable marker 
gene. The chloroplast-targeting sequence (SEQ ID NO: 13) comprises from the 5'- 
end, nucleotides 45-150 of GenBank Accession No. M18320 fused to nucleotides 

15 151-215 of the sequence in plasmid SLJ2524 (Scofield et al (1994) Mol Gen. 

Genet. 244 , 189-196. The 6-methylsalicylic acid synthase coding sequence is from 
EMBL Accession No. X55776 (SEQ ID NO: 1). 

Leaf samples were extracted as previously described for analysis of total 
salicylic acid (free salicylic acid + conjugated salicylic acid) (Enyedi et al (1992; 

20 Proc. Natl. Acad. ScL USA 59:2480-2484). Twenty, independent primary 

transformants (T 0 ) were identified that produced 6-methylsalicylic acid. T 0 plants 
that produced 6-methylsalicylic acid were identified by the co-elution of plant- 
extracted, putative 6-methylsalicylic acid with authentic 6-methylsalicylic acid by 
HPLC using fluorescence and absorption detectors and by its absorption spectrum 

25 using a diode array detector. The identity of the plant-produced 6-methylsalicylic 

acid was confirmed by GLC-mass spectrometry using trimethylsilylated plant 
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extract. For a number of primary transformants, the levels of 6-methylsalicylic 
acid in leaves were estimated to exceed 10 jxg/g fresh weight at time of flowering 
and with the levels continuing to increase as the plant matured. For one plant, the 
level of 6-methylsalicylic acid in its leaves exceeded 30 jig/g fresh weight. 
5 Because 6-methylsalicylic acid was not detected in unhydrolyzed tissue extracts, 
but was detected following hydrolysis, 6-methylsalicylic acid likely exists 
predominantly in a conjugated form in planta. 

To plants were selfed and allowed to produce seed. Following seed 
germination and subsequent seedling growth, leaves from the T] progeny of a T 0 

10 plant (SID #870956), that was positive for 6-methylsalicylic acid accumulation in 
its leaves, were analyzed to determine the level of 6-methylsalicylic acid. Of the 
Ti progeny analyzed, 1 1 of a total of 13 plants had detectable levels of 6- 
methylsalicylic acid. In leaves from untransformed control plants (Xanthi-nc NN- 
genotype), 6-methylsalicylic acid was not detected. The levels of 6- 

1 5 methylsalicylic acid in leaves of the 1 1 plants ranged from less than 1 jig/g fresh 
weight to about 9 jxg/g fresh weight. These results reveal that transforming a plant 
with a 6-methylsalicylic acid synthase causes the accumulation of 6- 
methylsalicylic acid in the plant and that this trait is inherited by the progeny of the 
transformed plant. 

20 The same leaves from the Ti progeny of T 0 plant SID #870956 that were 

analyzed for 6-methylsalicylic acid levels were also subjected to western blot 
analyses utilizing antibodies raised against tobacco PR1 and antibodies raised 
against tobacco chitinase. Leaves from Ti plants that had high levels of 6- 
methylsalicylic acid were also observed to have high levels of PR1 and chitinase 

25 proteins, relative to control leaves, suggesting the accumulation of such defense- 
related proteins is positively correlated with the accumulation of 6-methylsalicylic 
acid in a plant leaf. High levels of both PR1 and chitinase were also detected in 
untransformed tobacco leaves that were inoculated with TMV four days before the 
leaves were harvested. 

30 To quantify the PR1 and chitinase protein levels, the western blots were 

scanned, and the PR1 and chitinase bands on the images were analyzed using 
image analysis software (Version 1.5 of TSflH Image 1 for Macintosh, National 
Institutes of Health, USA) (Figure 4). The intensity of PR1 and chitinase bands for 
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the transgenic plants are expressed as a percentage of the band intensity of the 
corresponding protein bands detected in a protein extract from a tobacco mosaic 
virus (TMV)-inoculated untransformed control plant. The results in Figure 4 
reveal that the levels of the PR1 and chitnase proteins in the leaves of the trangenic 
5 tobacco plants are positively corrrelated with the level of 6-raethylsalicylic acid 
present in the same leaves. 

The incorporation of the 6-methylsalicylic acid synthase gene does not 
appear to have a detrimental effect on plant phenotype. All T 0 plants had a normal 
morphology and produced viable seed. Tj plants produced from SID #870956 
1 0 showed variability in height and branching pattern. However, this variation is not 
likely to be the result of any adverse effects of the accumulation of 6- 
methylsalicylic acid in the plants because the levels of 6-methylsalicylic acid 
detected in the leaves did not correlate with the phenotypic variability observed. 

15 EXAMPLE 5 

Effect of the Level of 6-Methylsalicylate Acid on Resistance against Tobacco 
Mosaic Virus in Transgenic Tobacco Plants Expressing a 6-Methylsalicylic Acid 

Synthase Gene 

20 Two independent T 0 , NN xanthi NC tobacco plants (SED# 91 1403 and 

870955) transformed with the 6-methylsalicylic acid synthase gene construct 
described in Example 4 were selfed. Tj progeny possessing the 6-methylsalicylic 
acid synthase gene were selected by germinating seeds on a medium containing 
kanamycin. After three weeks, the largest of germinated seedlings were 

25 transferred into potting mix and raised in a greenhouse. The youngest, nearly fully 
expanded leaf from plants that were at about the six-leaf stage was harvested from 
each plant and analyzed for 6-methylsalicylate content and PR protein levels. One 
week later the youngest, nearly fully expanded leaf from these plants was 
inoculated with tobacco mosaic virus (TMV). The leaf was lightly dusted with 

30 carborundum powder and inoculated with 0.2 mL of an aqueous suspension 
containing 5 jig tobacco mosaic virus (TMV) particles per mL. The area of 40 
TMV-induced lesions on each inoculated leaf was measured four days later. Mean 
lesion area showed an inverse correlation with tissue 6-methylsalicylate levels 

-27- 



WO 00/55340 



PCTYUS00/04691 



(Figure 5). The results indicate that increasing the level of 6-methylsalicylic acid 
in a plant increases disease resistance in the plant. 



Immature maize embryos from greenhouse donor plants are bombarded 
with a plasmid containing a DNA construct comprising a chloroplast transit 

10 peptide operably linked to the nucleotide sequence encoding the 6-methylsalicylic 
acid synthase from Penicillium patulum. The DNA construct additionally 
comprises an ubiquitin promoter operably linked to the sequence encoding the 6- 
methylsalicylic acid synthase. The plasmid also contains the selectable marker 
gene PAT (Wohlleben et al (1988) Gene 70:25-37) that confers resistance to the 

15 herbicide Bialaphos. Transformation is performed as follows. Media recipes 
follow below. 

Preparation of Target Tissue 



20 detergent for 20 minutes, and rinsed two times with sterile water. The immature 
embryos are excised and placed embryo axis side down (scutellum side up), 25 
embryos per plate, on 560Y medium for 4 hours and then aligned within the 2.5- 
cm target zone in preparation for bombardment. 

25 Preparation of DNA 

This plasmid is precipitated onto 1.1 (average diameter) tungsten 
pellets using a CaCh precipitation procedure as follows: 



EXAMPLE 6 



5 



Transformation and Regeneration of Transgenic Maize Plants by Particle 

Bombardment 



The ears are surface sterilized in 30% Chlorox bleach plus 0.5% Micro 



30 



100 |iL prepared tungsten particles in water 

10 \ih (1 |ag) DNA in TrisEDTA buffer (1 ^ig total) 

100 nL 2.5MCaCl 2 

10 jiL 0.1 M spermidine 
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Each reagent is added sequentially to the tungsten particle suspension, 
while maintained on the multitube vortexer. The final mixture is sonicated briefly 
and allowed to incubate under constant vortexing for 10 minutes. After the 
precipitation period, the tubes are centrifuged briefly, liquid removed, washed with 
5 500 mL 100% ethanol, and centrifuged for 30 seconds. Again the liquid is 

removed, and 105 p,L 100% ethanol is added to the final tungsten particle pellet. 
For particle gun bombardment, the tungsten/DNA particles are briefly sonicated 
and 10 |iL spotted onto the center of each macrocarrier and allowed to dry about 2 
minutes before bombardment. 

10 

Particle Gun Treatment 

The sample plates are bombarded at level #4 in particle gun #HE34-1 or 
#HE34-2. All samples receive a single shot at 650 PSI, with a total often aliquots 
taken from each tube of prepared particles/DNA. 

15 

Bombardment and Culture Media 

Bombardment medium (560Y) comprises 4.0 g/L N6 basal salts (SIGMA 
C-1416), 1 .0 ml/L Eriksson's Vitamin Mix (1000X SIGMA-151 1), 0.5 mg/L 
thiamine HC1, 120.0 g/L sucrose, 1.0 mg/L 2,4-D, and 2.88 g/L L-proline (brought 

20 to volume with D-I H20 following adjustment to pH 5.8 with KOH); 2.0 g/L 

Gelrite (added after bringing to volume with D-I H20); and 8.5 mg/L silver nitrate 
(added after sterilizing the medium and cooling to room temperature). Selection 
medium (560R) comprises 4.0 g/L N6 basal salts (SIGMA C-1416), 1.0 ml/L 
Eriksson's Vitamin Mix (1000X SIGMA-151 1), 0.5 mg/L thiamine HC1, 30.0 g/L 

25 sucrose, and 2.0 mg/L 2,4-D (brought to volume with D-I H20 following 

adjustment to pH 5.8 with KOH); 3.0 g/L Gelrite (added after bringing to volume 
with D-I H20); and 0.85 mg/L silver nitrate and 3.0 mg/L bialaphos(both added 
after sterilizing the medium and cooling to room temperature). 

Plant regeneration medium (288J) comprises 4.3 g/L MS salts (GIBCO 

30 1111 7-074), 5.0 ml/L MS vitamins stock solution (0. 1 00 g nicotinic acid, 0.02 g/L 
thiamine HCL, 0.10 g/L pyridoxine HCL, and 0.40 g/L glycine brought to volume 
with polished D-I H20) (Murashige and Skoog (1962) Physiol. Plant. 15:473), 100 
mg/L myo-inositol, 0.5 mg/L zeatin, 60 g/L sucrose, and 1.0 ml/L of 0.1 mM 
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abscisic acid (brought to volume with polished D-I H20 after adjusting to pH 5.6); 
3.0 g/L Gelrite (added after bringing to volume with D-I H20); and 1.0 mg/L 
indoleacetic acid and 3.0 mg/L bialaphos (added after sterilizing the medium and 
cooling to 60°C). Hormone-free medium (272V) comprises 4.3 g/L MS salts 

5 (GIBCO 1 1 1 17-074), 5.0 ml/L MS vitamins stock solution (0.100 g/L nicotinic 
acid, 0.02 g/L thiamine HCL, 0.10 g/L pyridoxine HCL, and 0.40 g/L glycine 
brought to volume with polished D-I 1120), 0.1 g/L myo-inositol, and 40.0 g/L 
sucrose (brought to volume with polished D-I H20 after adjusting pH to 5.6); and 6 
g/L bacto-agar (added after bringing to volume with polished D-I H20), sterilized 

10 and cooled to 60° C. 



Subsequent Treatment 

Following bombardment, the embryos are kept on 560Y medium for 2 
days, then transferred to 560R selection medium containing 3 mg/liter Bialaphos, 

15 and subcultured every 2 weeks. After approximately 10 weeks of selection, 
selection-resistant callus clones are transferred to 28 8 J medium to initiate plant 
regeneration. Following somatic embryo maturation (2-4 weeks), well-developed 
somatic embryos are transferred to medium for germination and transferred to the 
lighted culture room. Approximately 7-10 days later, developing plantlets are 

20 transferred to 272V hormone-free medium in tubes for 7-10 days until plantlets are 
well established. Plants are then transferred to inserts in flats (equivalent to 2.5" 
pot) containing potting soil and grown for 1 week in a growth chamber, 
subsequently grown an additional 1-2 weeks in the greenhouse, then transferred to 
classic 600 pots (1.6 gallon) and grown to maturity. Plants are monitored and 

25 scored for 6-methylsalicylic acid content. 

EXAMPLE 7 

Maize Plants Transformed with the 6-Methylsalicylic Acid Synthase Gene 
from Penicillium patulum 

30 

To produce transgenic maize plants that express the Penicillium patulum 6- 
methylsalicylic acid synthase gene, GS3 maize embryos were transformed by 
particle bombardment with a plasmid comprising: (1) a ubiquitin promoter 
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operably linked to a nucleotide sequence comprising a chloroplast-targeting 
sequence operably linked to a 6-methylsalicylic acid synthase coding sequence 
from EMBL Accession No. X55776 (SEQ ID NO: 1); and (2) an actin promoter 
operably linked to a monocot-optimized PAT selectable marker gene. 
5 The chloroplast-targeting sequence is set forth in SEQ ID NO: 14. This 

sequence was prepared by optimizing for expression, the chloroplast targeting 
sequence, particularly nucleotides 1013-1168, of EMBL Accession No. X53398. 
The optimized chloroplast-targeting sequence (SEQ ID NO: 14) is a novel 
synthetic sequence in which base substitutions were made in the sequence of 

1 0 EMBL Accession No. X53398 to alter or eliminate certain structural features that 
can reduce expression, particularly hairpins and dimers. The polypeptide chain 
encoded by SEQ ID NO: 14 is, however, identical to that encoded by the 
corresponding region of EMBL Accession No. X53398. 

From 103 callus lines that were RT-PCR positive for 6-methylsalicylic acid 

15 synthase expression, 89 T 0 plant events were generated, of which 60 events were 
RT-PCR positive for 6-methylsalicylic acid synthase expression. All T 0 plants 
from these 60 RT-PCR positive events along with plants from six RT-PCR 
negative lines (control lines) were analyzed for 6-methylsalicylic acid 
accumulation. A total of 402 plants were sampled. By HPLC analysis 25 events 

20 (total 84 plants) were identified that had detectable 6-methylsalicylic acid 
accumulation. The levels of 6-methylsalicylic acid ranged from 0.1 to 11.8 
fresh weight and were thus on a similar order of magnitude as what had been 
observed in transgenic 6-methylsalicylic acid synthase-tobacco with enhanced 
resistance to tobacco mosaic virus described in Example 5. The levels of 6- 

25 methylsalicylic acid increased in the maize plants transformed with the 6- 

methylsalicylic acid synthase gene as the plants matured (Figure 6). A similar 
maturation effect was also observed with the tobacco plants transformed with the 
6-methylsalicylic acid synthase gene described in Example 4. Some transgenic 
maize events had 6-methylsalicylic acid accumulation associated with a patchy 

30 necrosis leaf phenotype but formed normal ears. However, the plant that had the 
highest levels of 6-methylsalicylic acid in its leaves had a normal (wild-type) 
phenotype. Seed from the To plants was harvested. 
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The level of 6-methylsalicylic acid and salicylic acid in kernels (TO from 
To transgenic maize was assessed. For each plant tested, ten kernels from the 
middle of the dried-down ear of a To GS3 maize plant that had been pollinated with 
HG1 1 pollen were bulked and extracted in triplicate. Levels of 6-methylsalicylic 
5 acid and salicylic acid in hydrolyzed extracts was determined using HPLC as 

described in Example 4. Kernels from seed of nontransgenic GS3 plants that were 
pollinated with HG1 1 were used as controls. The results from four transformed 
plants are presented in Figure 7. Both 6-methylsalicylic acid and salicylic acid was 
detected in all transformed plants. The average levels of 6-methylsalicylic acid in 

10 kernels from the transformed plants ranged from less than 0.5 |ig/g dry kernel to 
about 4.5 jig/g dry kernel. Salicylic acid, but not 6-methylsalicylic acid, was 
detected in kernels from the control plants. For all plants examined, average kernel 
salicylic acid levels did not exceed 1 \ig/g dry kernel. 

It should be noted that not all the maize kernels used to determine 6- 

15 methylsalicylic acid levels are expected to possess a copy of the 6-methylsalicylic 
acid synthase gene and thus would not be expected to produce 6-methylsalicylic 
acid. For example, if a T 0 parent plant contained a single copy of the 6- 
methylsalicylic acid gene in its genome and was cross pollinated with HG1 1 
pollen, (HG1 1 does not possess a 6-methylsalicylic acid gene in its genome), the 

20 resulting ear is expected to have a 1 : 1 ratio of kernels with the 6-methylsalicylic 
acid gene to kernels lacking the gene. Assuming, for example, that 6- 
methylsalicylic acid detected in a kernel is produced in the kernel and not produced 
in maternal tissues and translocated to the developing kernel, an estimate of 6- 
methylsalicylate acid from a group of ten kernels resulting from the such a cross 

25 would be expected to underestimate 6-methylsalicylic acid levels in kernels 
possessing the gene by about 50%. While it is not known whether 6- 
methylsalicylic acid is translocated in a plant, the methods of the present invention 
do not depend on such translocation, only that transforming a plant with a 6- 
methylsalicylic acid synthase gene can increase the level of 6-methylsalicylic acid 

30 in the plant. 

The levels of 6-methylsalicylic acid were determined in the leaves from Ti 
plants that were grown from the Ti kernels described above (Figure 8). Only 
plants that were positive for 6-methylsalicylic acid synthase gene expression as 
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determined by RT-PCR were included in the analyses. The levels of 6- 
methylsalicylic acid ranged from about 0 to nearly 40 ng/g dry weight leaf tissue. 
Thus, the results disclosed herein demonstrate that the traits of 6-methylsalicylic 
acid synthase gene expression and the accumulation of 6-methylsalicylic acid can 
5 be inherited from one generation to the next. 



EXAMPLE 8 

Agrobacterium-McdiatGd Transformation and Regeneration of Transgenic Maize 

Plants 

10 

For Agrobacterium-medidted transformation of maize with a polyketide 
synthase gene or other nucleotide sequence of the invention, preferably the method 
of Zhao et al is employed (U.S. Patent No. 5,981,840), the contents of which are 
hereby incorporated by reference. Briefly, immature embryos are isolated from 

15 maize and the embryos contacted with a suspension of Agrobacterium, where the 
bacteria are capable of transferring the polyketide synthase gene or other 
nucleotide sequence of interest to at least one cell of at least one of the immature 
embryos (step 1 : the infection step). In this step the immature embryos are 
preferably immersed in an Agrobacterium suspension for the initiation of 

20 inoculation. The embryos are co-cultured for a time with the Agrobacterium (step 
2: the co-cultivation step). Preferably the immature embryos are cultured on solid 
medium following the infection step. Following this co-cultivation period an 
optional "resting" step is contemplated. In this resting step, the embryos are 
incubated in the presence of at least one antibiotic known to inhibit the growth of 

25 Agrobacterium without the addition of a selective agent for plant transformants 
(step 3: resting step). Preferably the immature embryos are cultured on solid 
medium with antibiotic, but without a selecting agent, for elimination of 
Agrobacterium and for a resting phase for the infected cells. Next, inoculated 
embryos are cultured on medium containing a selective agent and growing 

30 transformed callus is recovered (step 4: the selection step). Preferably, the 

immature embryos are cultured on solid medium with a selective agent resulting in 
the selective growth of transformed cells. The callus is then regenerated into 
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plants (step 5: the regeneration step), and preferably calli grown on selective 
medium are cultured on solid medium to regenerate the plants. 

A transformation vector was constructed for Agrobacterium-rnGdiaXed 
maize transformation with the 6-methylsalicylic acid synthase gene. The vector 
5 comprises between the right and left borders: (1) a ubiquitin promoter operably 
linked to a nucleotide sequence comprising a chloroplast-targeting sequence 
operably linked to a 6-methylsalicylic acid synthase coding sequence from EMBL 
Accession No. X55776 (SEQ ID NO: 1); and (2) an actin promoter operably linked 
to a monocot-optimized PAT selectable marker gene. The chloroplast targeting 
10 sequence is the optimized chloroplast targeting sequence (SEQ ID NO: 14) 
described in Example 7 supra. 

Maize transformation with this vector was initiated. Two hundred and 
twenty-six single plant events that are RT-PCR positive for 6-methylsalicylate 
synthase expression have been produced. 

15 

EXAMPLE 9 

Canola Plants Transformed with a 6-Methylsalicylic Acid Synthase Gene Produce 

6-Methylsalicylic Acid 

20 Canola (Brassica sp.) plants were transformed with one of three vectors. 

Each vector comprises an SCP1 promoter operably linked to a nucleotide sequence 
comprising a 6-methylsalicylic acid synthase coding sequence (EMBL Accession 
No. X55776, SEQ ID NO: 1) and an operably linked chloroplast-targeting 
sequence. See, for the SCP1 promoter, WO 97/47756 and WO 99/43838; herein 

25 incorporated by reference. The chloroplast-targeting sequence (SEQ ID NO: 1 3) is 
described in Example 4. Vector 1 additionally comprises a PAT selectable marker 
gene operably linked to the 35S promoter. Vector 2 additionally comprises a PAT 
selectable marker gene operably linked to the SCP1 promoter. Vector 3 
additionally comprises the nptn selectable marker gene operably linked to the 

30 UCP3 promoter (WO 97/47756; WO 99/43838). 

The levels of 6-methylsalicylic acid were measured in leaves from 
regenerated transformed canola plants (To) and from an untransformed control 
plant as described for tobacco leaves in Example 4. Of nine transformed plants, 
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leaves from six plants had detectable levels of 6-methylsalicylic acid. In leaves 
from the control plant, 6-methylsalicylic acid was not detected. The levels of 6- 
methylsalicylic acid in the leaves of the transformed plants ranged from 0 to about 
0.14 |ig/g fresh weight. The highest level of 6-methylsalicylic acid was measured 
5 in leaves from a canola plant transformed with vector 2. 

All publications and patent applications mentioned in the specification are 
indicative of the level of those skilled in the art to which this invention pertains. 
All publications and patent applications are herein incorporated by reference to the 
same extent as if each individual publication or patent application was specifically 
10 and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way 
of illustration and example for purposes of clarity of understanding, it will be 
obvious that certain changes and modifications may be practiced within the scope 
of the appended claim. 
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THAT WHICH IS CLAIMED: 

1 . A method for enhancing disease resistance in a plant comprising 
stably incorporating in the genome of said plant a DNA construct comprising a 
nucleotide sequence encoding a polyketide synthase operably linked to a promoter 
capable of driving gene expression in a plant, wherein the level of at least one 

5 defense-related protein is increased in said plant. 

2. The method of claim 1 wherein said defense-related protein is a 
pathogenesis-related protein. 

10 3. The method of claim 1 wherein said polyketide synthase catalyzes 

the synthesis of a polyketide which is capable of inducing the synthesis of at least 
one defense-related protein in a plant. 

4. The method of claim 1 wherein said polyketide synthase is a type I 
15 polyketide synthase. 

5. The method of claim 4 wherein said type I polyketide synthase is a 
6-methylsalicylic acid synthase. 

20 6. The method of claim 5 wherein said 6-methylsalicylic acid synthase 

is encoded by a nucleotide sequence selected from the group consisting of SEQ ID 
NOs: 1-3. 

7. The method of claim 1 wherein the level of 6-methylsalicylic acid is 
25 increased in said plant. 

8. The method of claim 1 wherein said DNA construct further 
comprises an operably linked chloroplast-targeting sequence. 

30 9. The method of claim 1 further comprising stably incorporating in 

the genome of said plant at least one additional DNA construct comprising a 
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nucleotide sequence encoding a protein that is capable of altering the level of a 
polyketide in a plant, said sequence operably linked to a promoter capable of 
driving gene expression in a plant. 

5 1 0. The method of claim 9 wherein said additional DNA construct 

further comprises an operably linked chloroplast-targeting sequence. 

1 1 . The method of claim 9 wherein said protein is a 
phosphopantetheinyl transferase or a glucosyltransferase. 

10 

12. The method of claim 1 1 wherein said phosphopantetheinyl 
transferase is encoded by a nucleotide sequence selected from the group consisting 
ofSEQIDNOs: 4-9. 

15 13. The method of claim 1 1 wherein said glucosyltransferase catalyzes 

the transfer of at least one glucosyl residue to 6-methylsalicylic acid. 

14. The method of claim 1 1 wherein said glucosyltransferase is encoded 
by a nucleotide sequence selected from the group consisting SEQ ID NOs: 10-12. 

20 

15. The method of claim 9 wherein said nucleotide sequence is in the 
antisense orientation. 

16. A plant genetically manipulated for enhanced disease resistance 
25 comprising in its genome at least one stably incorporated DNA construct 

comprising a nucleotide sequence encoding a polyketide synthase operably linked 
to a promoter capable of driving gene expression in a plant, wherein the level of at 
least one defense-related protein is increased in said plant. 

30 17. The plant of claim 16 wherein said polyketide synthase catalyzes 

the synthesis of a polyketide which is capable of inducing the synthesis of at least 
one defense-related protein in a plant. 
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18. The plant of claim 16 wherein said polyketide synthase is a type I 
polyketide synthase. 

19. The plant of claim 1 8 wherein said type I polyketide synthase is 6- 
5 methylsalicylic acid synthase. 

20. The plant of claim 16 wherein said DNA construct further 
comprises an operably linked chloroplast-targeting sequence. 

10 21 . The plant of claim 1 6 further comprising in its genome at least one 

stably incorporated additional DNA construct comprising a nucleotide sequence 
encoding a protein that is capable of altering the level of a polyketide in a plant, 
said sequence operably linked to a promoter capable of driving gene expression in 
a plant. 

15 

22. The plant of claim 21 wherein said additional DNA construct 
further comprises an operably linked chloroplast-targeting sequence. 

23. The plant of claim 21 wherein said protein is a phosphopantetheinyl 
20 transferase or a giucosyltransferase. 

24. The plant of claim 23 wherein said giucosyltransferase catalyzes the 
transfer of at least one glucosyl residue to 6-methylsalicylic acid. 

25 25. The plant of claim 21 wherein said nucleotide sequence is in the 

antisense orientation. 

26. The plant of claim 16 wherein said plant is a monocot. 

30 27. The plant of claim 26 wherein said monocot is selected from the 

group consisting of maize, wheat, rice, barley, sorghum, oats and rye. 
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28. The plant of claim 16 wherein said plant is a dicot. 

29. The plant of claim 28 wherein said dicot is selected from the group 
consisting of soybean, Brassica sp., sunflower, safflower, alfalfa, potato, peanut 

5 and cotton. 

30. Seed of the plant according to any one of claims 16 to 29. 

31. A plant cell genetically manipulated for enhanced disease resistance 
1 0 comprising in its genome at least one stably incorporated DNA construct 

comprising a nucleotide sequence encoding a polyketide synthase operably linked 
to a promoter capable of driving gene expression in a plant cell, wherein the level 
of at least one defense-related protein is increased in said plant cell. 
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SEQUENCE LISTING 

<110> Yalpani, Nasser 

<120> METHODS FOR ENHANCING THE DISEASE RESISTANCE OF PLANTS 

<130> 035718/193130 

<140> 
<141> 

<150> US 60/124,374 
<151> 1999-03-15 

<160> 14 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 7131 
<212> DNA 

<213> Penicillium patulum 
<400> 1 

acaagacact tcagatggtt ggctagctgt tcgaagtcgg atttttacaa caaaagcatg 60 
aatatttgag cgcttctcct aaagatatct agaaatactc cagatgcgcc tgctactacc 120 
tatatacttg atatcctgat tccttgctat tctcacatgt agagtccagt cctctatgga 180 
ctgcctttca aggcatgtcg aaatggcctg atcaaaatga gtatatttag atacacattc 240 
gcctccggag tatgtttacg gagttcctgt aaggttccta aacggtgaga cagttaaacg 300 
ggcacccttt gaagaaatca tccccggcgc tcctttgggt taatcagcat gcatcccatt 360 
caggcttagg gctgacggcg gcttgtcctc aacgtctcaa atccctaaac acactttcat 420 
gatcgccact tgtcactgct tacgggcggg aagtcaatac tcgtcggtta ttcccgttgg 480 
ccgtcagtga gttaatcttg cgaagcttgg ctgcattatg tcggaacccc gaacaaactc 540 
ccgaattgac gaatgaacga tggatggaga taaaaaatgt cccaatttgg gaactgggca 600 
gcggcagcca ctatctcttg aaacgttacc ttgtgaacgt tccagatgcc gggttcaccg 660 
aggcgataag aatttgccgt gaggcagagg cctagaggag gctcggagga atggatgtcc 720 
gtagtaatga acgagaagta taaaggaaga gcaacatccg gcagctctga acattttcat 780 
gaacaaagcg agactttgat aagggactga gtctctttca ctactgctgg cagacatgca 840 
ttccgctgca acttctacat acccctctgg gaaaacatcc ccagcaccag tcggaacccc 900 
tgggactgag tacagtgaat atgtctgtgg ccccaatttc tgacgtgttg catcgtctat 960 
caaaagcgta tcttttactg acagtgaata ggaattctcc aacgatgtgg cggtagtggg 1020 
aatggcctgc cgcgtagcgg gaggtaacca caaccctgaa cttctctggc aatcgctcct 1080 
cagccagaag agtgcaatgg gtgagattcc acccatgcgg tgggagcctt actatcgtcg 1140 
ggatgcacga aatgagaaat tcctcaagaa cacaacgtcg cgtggctatt tcctagatcg 1200 
cttggaggac tttgactgtc agttctttgg catctcccct aaggaggccg agcagatgga 1260 
cccccaacag cgagtctctc tggaagtggc atcggaagcc ctggaagatg ccggtattcc 1320 
tgccaagagt ctgtctggga gtgacacagc agtcttctgg ggtgttaact cagacgacta 1380 
ctccaagcta gtgctagagg atctgccaaa tgtcgaggcg tggatgggca ttggcactgc 1440 
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atactgtggc gtgcccaatc gcatctcata tcacctcaac ttgatgggtc ctagcaccgc 1500 
cgtggatgcg gcgtgtgctt cgtctctcgt cgccatacat catggagttc aggccatccg 1560 
actgggagaa tcaaaggtgg ctattgtcgg aggtgtcaat gccctctgcg gcccaggact 1620 
gacccgcgtc ctcgacaaag ccggcgccat ctcgtctgac ggatcttgca agtccttcga 1680 
tgatgacgcc catgggtacg ctagaggtga aggtgccggc gccctcgtcc tcaaaagtct 1740 
gcaccgtgca ttgctcgacc acgataatgt cctggcagtc attaagggca gtgcggtatg 1800 
ccaggatggc aagaccaacg gcatcatggc ccccaattcc gtggcgcaac agctagcagc 1860 
aaacaatgct ctctctgctg caaatatcga ccctcacacc gtgcgctatg tggaagcaca 1920 
tgccacatcc acgcccttgg gcgacccaac tgaaatatcc gccattgcaa gtgtctacgg 1980 
cgccgaccgc cccgcggatg atccatgcta catcgggtcc atcaagccca atattggtca 2040 
cctggaggct ggtgcgggag tcatgggctt catcaaagca gttctggcca tccaaaaggg 2100 
cgtcctgcca ccgcaggcca acttgacaaa gctcaatagc cggatcgact ggaagacagc 2160 
cggtgttaag gtcgttcaag aggccacccc gtggcccgaa tcagacccca tccgtagagc 2220 
aggtgtctgc tcgtatgggt acggaggtac tgtttctcac gcggtgatcg aagaattcag 2280 
ccctatcctg cagccagacc cactaggtaa tggagcagtc agcggaccag gccttctttt 2340 
attgtccgga ccccaggaga aacgtttagc cttgcaggcc aaaacattgc gcgactggat 2400 
gactgccgaa ggaaaggatc acaatttgag tgatattctc actactctag ctactcgacg 2460 
agatcaccac gactaccgag cggcgcttgt agttgatgac taccgtgatg ctgagcaagt 2520 
cctgcaatca ctggccaatg gggtcgacca tacattcacg acccagagcc gtgtactggg 2580 
ctcagacatc agcaaggacg ttgtctgggt gttttctggg cacggtgcgc agtggccgga 2640 
catgggcaag caacttattc acaacccggt cttcttcgca gccatccagc cactcgatga 2700 
gttgatccaa gccgagattg ggctgtcccc tattgagcta ctccggacgg gtgactttga 2760 
gtcgtctgat cgggtacaga tccttactta tgtcatgcaa attggtctca gcgccctgct 2820 
tcaaagcaat ggcatcactc cacaggccgt gattggacac tccgtgggcg aaatcgcggc 2880 
cagtgttgtg gctggagcac tatccccagc agagggtgcg cttattgtca cccgcagagc 2940 
gttgctgtac cgccaggtta tgggcaaggg cggcatgatc cttgtcaacc tccctagtgc 3000 
cgagactgaa gagatcttag gttcccgatc agacctggtt gtggccattg actcgtcgcc 3060 
atcttcctgt gtggtggctg gagataagga gcttgtggcc gaaacagcag aggctctcaa 3120 
ggcacgaggc gtgaagacat tcactgtgaa gagtgatatt gccttccaca gtccaacctt 3180 
gaatgggctg gtcgatcctc ttcgggatgt gctcgcagag actctgtccc ctgtgagtcc 3240 
caacgtcaag ttgtattcca ccgcactggc agacccccgc ggccaagacc tgcgcgacgt 3300 
ggaatactgg gccggcaaca tggtcaaccg cgtgcgtctc acttcggctg tcaaggccgc 3360 
tgttgaggac ggatatcgtc tcttccttga agtctcaacc cacccagtgg tgtctcactc 3420 
tatcaacgag acactaatgg atgcaggcat ggaagacttt gcggtcatcc caactctcct 3480 
tcggaaaaag ccaactgaga agcatatcct acacagcatt gcacagcttc actgccgcgg 3540 
tgcggaagtg aactgggcgg cacagatgcc cggacgctgg gccactggag ttcccaccac 3600 
gacctggatg cataaaccca tctggcgcaa gatagagact gcgccgcttc acactggtct 3660 
cacgcatgat gtcgagaagc acacacttct gggacagcgt atcccagtgc ccggcaccga 3720 
cacctatgtc tacacaaccc ggctggataa cgacacaaag cccttcccgg gcagccaccc 3780 
tctgcacggc accgagatcg ttccggctgc aggtttgatc aatactttct tgaagggcac 3840 
aggcggccag atgctgcaga acgttgttct ccgcgttccc gttgctatta acgcaccacg 3900 
atccgtccag gtcgtagtgc agcaggatca agtcaaggtt gtgtctcgac tgatcccgag 3960 
tgagccctcg cagttggatg acgatgcctc ctgggtcact cacaccactg catactggga 4020 
tcggaaggtt gctggttccg aagatcgcat cgacttcgct gccgtcaaat cgcgactggt 4080 
aaccaaacta gcagacaact tttcgattga ctacctggac aaggtgggtg tatctgccat 4140 
gggattccca tgggcggtaa cagagcacta ccgcaatgac aaggagatgc tggcacgtgt 4200 
tgatgtcaat cctgccatct cgggagatgc ccccctgccc tgggattctt catcctgggc 4260 
cccagttctc gacgctgcca cctccgtcgg ttcaaccatc ttcccgacac ctgcacttcg 4320 
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gatgcccgcc cagattgagc gggtagaggt cttcacctcg caggatccgc ccaagatcag 4380 
ctggctctac gtccaggagg cctccgattc ggtgcccacc tctcacgtta gcgtggtgag 4440 
cgaggcgggt gaggtccttg ccaaattcac agccatgcgg ttctccgaga ttgaaggcac 4500 
tcctggcgtc agtggcagca tggagagtct cgtgcaccag atcgcttggc caccagccac 4560 
cccggccgaa gagcccttgt ccatcgagac agtgatcctg gtctcgcccg atgctaccac 4620 
cagggccctg tatgccgcaa gtctgccgac ccgggttaac tccttccagt tctcctctac 4680 
acaggagttc ttcagcaacg cttcatccct tcccctggag aagggaaccg tggtgaccta 4740 
catccccggt gaggtcgcct cgctggccga ggttcccgcc gcatccgagt cattcacttg 4800 
gaacttgctc gaactaatta aattcaccgt caatggctca ctgcctatca aagtcttcac 4860 
tcttaccgcg aacatcggcg agggtcaaac acctaccgct ctagcccagt ccccattgta 4920 
cggcctggca cgggtcatcg ccagtgagca ccctgatcta ggaaccctca tcgacgttga 4980 
agagcccgtc atccccctgt cgacgatgcg atacatccag ggggcagaca tcatccgaat 5040 
caacgacgga atcgctcgca cctcccggtt ccgcagcctg ccgcgcaaca agctgctccc 5100 
tgccagcgaa ggtcctcgcc tgcttccccg ccccgagggc acatacctga tcaccggtgg 5160 
tcttggcgtc ctcggtctcg aggtcgctga cttcctggtc gagaagggtg ccagacgtct 5220 
gctgctcatc tcgcgacgcg cccttccccc tcgccgaacc tgggaccagg ttagcgagga 5280 
tctccagccg accatcgcca agatccgcct cctggagagt cgcggcgcct cggtccatgt 5340 
cctgcccctg gacatcacca aaccggatgc ggtcgagcag cttaccacgg cgttggaccg 5400 
actttcccta ccttcggtcc agggtgtcgt tcacgctgcc ggtgtgctgg acaacgagct 5460 
agtgatgcag accactcgcg acgccttcaa ccgggttctc gcacccaaga ttgcgggcgc 5520 
gctagccctg catgaagtct tcccccctaa gagcgtcgac ttcttcgtca tgttctcctc 5580 
ttgtggaaac ctcgtcgggt tcactggtca agcttcctac ggcagtggta acgccttctt 5640 
ggatacacta gccacccacc gtgcgcgcct aggtgacgca gccgtgtcct tccagtggac 5700 
atcgtggcgt ggccttggca tgggtgccag cacagacttt atcaacgctg aattggaatc 5760 
caaaggaatc acggacgtga cgcgcgatga ggcctttgct gcatggcagc atctcgccaa 5820 
gtatgatatg gaccacggag ttgttttgcg aagccgtgcc tttgaggacg gggaaccgat 5880 
tccagtgtct attctcaatg atatcgcggt gcgacgcgtg ggcactgtgt ctaacacctc 5940 
gccggcggct gccggttcca gcgacgcggt gcctacgtct ggaccggagc ttaaggctta 6000 
tttggacgag aagatcaggg gctgtgtggc caaggtgtta cagatgactg ctgaggatgt 6060 
ggattcaaag gcagctctgg ccgatctggg tgttgactca gtcatgacag tcactctgcg 6120 
tcgccagctg cagctaacac tgaagattgc ggtgccccct acattgacgt ggagtcatcc 6180 
gactgtcagc catctggcgg tgtggtttgc tgagaagctt gccaaatgat tgaccttata 6240 
agaacggctg accatggtag acggacccgg ttgatgggct tcatattgag atgattgtat 6300 
tgtttcttga cttctgagag tttttggttt tttattatgt tctccatgtc tcggttctta 6360 
cgttcgcatt gttttatatt ttatttcatg tttatcaaga gctctagtta ttaaactgcc 6420 
tgaaatatat cttttattct tcttcaattt caacaggaac agccaaaagg gaaagaatga 6480 
cgcttctact aagatagtag ggagcacgtg accattaaaa tcacttgtgg gactctcccc 6540 
ctaaatgggt caactggtgt accctctata aaccaccaaa aggagctatg aaaaaatcca 6600 
tgtctacaaa acaccgataa attagaaaaa tataccagtt tattatcttc taaccaacag 6660 
aacctgctta agaagagcac cgaagcatca aaaagtgtcc tcaacaggcc caacgggctc 6720 
ctccatctgc ccatatcagc gcacaccccc tgagcaacac ctccagttac ttcgcaccag 6780 
caaaaacatt gacggcgtca tcccatgaac tggcatattc atcggagtca gagttctcaa 6840 
tcaaaccacg ttccagcaac acggatttca tgttccgcaa atcaaactga acacgtttgt 6900 
tcactgcctt ggtggcctca tatgcagtca ccgccgctgc tgggttactc atgtggtaaa 6960 
tagaaggctc ctctagaggt gaatgatacc acgcgtagtc gtaggggggt ccttggcggg 7020 
gtatgatggg gaaaggacca gggacgggag ggtcggcctt ctttttcgta gaggtgagtg 7080 
tgacagtgga catctgttca ttcggggtaa aagccgcggt gaccccggcc c 7131 
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<210> 2 
<211> 9524 
<212> DNA. 

<213> Aspergillus terreus 
<400> 2 

tctagataga ctggttagca agcgagagct aaaagtagag aaactgtggg cttacgcaaa 60 
gggtctgaat aaaatccaag ccgccttggt acagcaacgc gtcatgccaa tatccatacc 120 
agttctcgaa gaagactctg tccagctggt agtccacgcc ggaatcggag gcgctcagaa 180 
tcaccgtcat tctctcgcga gaatccggat ggatgaagaa tcggtggatg ttgccggctt 240 
tgcatgagat ctcttcgtcg tcgggggtca gcatcgtctg cttgccgttc acttccacaa 300 
cacagatgcc ctcttcgacc ttgaaatatt ctgtctgcca ctggtggaag tgcatcggag 360 
gaccatccgg acggtggtcg ctctcgatca gcttgcgtag attctccggg atcggaccct 420 
caacgctgtg gcggtaggtt tgtcgcatca tgaaactccg ccccggaggg ggagggagga 480 
attcgcaggt gagcagaccg ccgaatctag cgcgttgttc attagttgat ctgttaacta 540 
aggaattgca cggttgtctt tctatgccca ctttctgatc accgtctgcc cagcagacac 600 
gtgaaacggt acgaacggcg agaagctcgg ccacttgaac agttcaccca ttttgacaat 660 
gtcttcgtgg tcaattgtcg aagttggaat actttgcgcg cctttagggc ttcacggtcg 720 
aaggtaggtt gatgtatata ccggtcgtcc tctgttcgat agcgaacaag gtcccaaaga 780 
gtccagaacg tggcagagct ataccatcca tgacccatag aggacgaaga catatagtag 840 
gccggatggc accaccccga aggatggcct aagcacgtag cgtgtccatg ggctcagcca 900 
caacatccac ctcgcgtgca tacgcctatc tctcccctta gtgatcggat gtctaaaagg 960 
agcagtggct ttcgagatct aatctacacc catcggacta ctcaaaggag tcatactagg 1020 
gagcacacgt agcgcgatag agacatagat aagatggaga gggcggggat aaattctaga 1080 
cctgcagatt gtgagcccca attacccaaa aagggaaaag accctgcaca ttgacctaag 1140 
cggatgatag ttatgctccg tgaatatacg gaatagcaga atctgacaag cagattggca 1200 
cccccagctc taccaataac gatggacggg gcataccacg acacacgcaa gaggctgtcg 1260 
ctaaggggag ctactgcacg gtgtcccttg gtctcatagc gctaggggaa acggcgcgaa 1320 
acagatccac agttcccact gtgacagact gtcttcggct atcattctct aaccgcgaat 1380 
gaggacccat aatgagacca ccattccaag aataccaaga atgccaattc tcaccatcgc 1440 
tgacgccgag acttccacac ttgcttgatg cgactttgca acgttttagc gccagaagcc 1500 
atcacagatt aatcattcct tttacctaaa ggggttctgt ggtgcatggc tccgagagac 1560 
aggcgccaat tcctggcgct agtctcctat ctgcacgtcc cgggatgatt ccgtaggact 1620 
ggatgcccga attgttcgcg ggatgcaagt gttgacgaag atccaccaag acttgtttgc 1680 
acatggcagg tgcacgggac attctgattc gaaacactat ccaccatacc tcgcgtggga 1740 
ctgctgaaga tggtgatcaa gcgaatcaag acagaaggag tcaaatccct tgcgatattc 1800 
agaaaactga agtaatatca gcgtgcatcg tataccgccg agtataagat gtagaggcga I860 
cgccaaagat tctgcggact ggcaaacaaa gaaattccct atcataccat ctctcctctt 1920 
caggcgttat agaattctct tctctatcag ttgatgctcc attgacaaaa tcttttaccg 1980 
gcttctctcg cataggcagc caatatcagc aagagcagcc atggaggtac atggagatga 2040 
agtgttgtca gtcgactctg gcgtctcaac tcccccgtcg acaggaagtg gatttcggag 2100 
gccactagag acccccggaa cagaaatcgg gaatctcaat cttgtgggtc ttgctggctc 2160 
ccccaccgtt ctatgcactg tatctgacct ttgggaacca tttagaaccc tcagaatgag 2220 
gttgccgttg ttggaatggc ctgccggctt gccgggggca ataattctcc ggaagaactg 2280 
tggcagtcca ttctaaacag gaaggatgcc tctggcgaga tcccaagcat gcgctgggag 2340 
ccgtattacc gtcgggatat tcgcaacccc aagatcctag accaaacgac aaagcgcggc 2400 
tacttcttgg accacgtcga gaattttgat gccgcgtttt ttggcgtttc cccgaaagag 2460 
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gccgagcaga tggaccccca gcagcggttg tcacttgagg tgacttggga ggccctggaa 2520 
gacgcaggaa tcccaccgca gagtttgtcc ggctcagaaa cagccgtgtt tatgggagtc 2580 
aattcggatg attattccaa gctcttactg gaagatattc cgaacgtgga ggcctggatg 2640 
ggcatcggca ctgcgtactg cggggtcccg aaccgcatct cctaccacct gaacctcatg 2700 
ggacccagca ctgccgttga tgccgcctgt gcctcctctc tcgttgccat ccatcacgga 2760 
cgacaagcca tcctacaagg cgagagcgaa gtcgctattg tcggaggggt caacgccctc 2820 
tgcgggccag gactgactcg cgtactcgac aaggcaggag cgacctccac ggaaggtcgc 2880 
tgtctctctt tcgacgaaga tgcgaagggc tacggccgtg gtgaaggagc tgcggtggtg 2940 
atcttgaaac ggctgtccac cgccatccgg gacggagacc acattcgcgc catcatcaag 3000 
ggcagtgccg tagcacagga tggcaaaacc aacggcatca tggctcccaa cgccaaggca 3060 
caagagcttg tggcgtggaa tgcgcttcgg acagccggag tcgaccctct gacggttggg 3120 
tatgtggaag ctcacgcaac gtcaacccct cttggcgatc ctaccgaggt cagcgccgtc 3180 
tcagcagtct acggcaaagg cagaccggaa gggaatcctt gcttcattgg ctctgtcaaa 3240 
cccaacgtgg gccatttgga agcgggcgct ggcgccgtcg gtttcatcaa agcagtcatg 3300 
gcagttgaaa aggccatttt ccccccacaa accaacctga agagactcaa ttctcgcatt 3360 
gactgggacc aagccggagt gaaggtcgtc caggaggcac tggaatggcc tggcaatgag 3420 
gatgacgtcc gccgagccgg tgtttgctct tacggatatg gtggtacggt ctcccatgca 3480 
atcatcgagg agtttgcgca acagctccag cggccgacta ccaacacaac cgatgaagag 3540 
cctctgcctc gaattcttct cctgtcggca cctcaagaga gacgccttgc tttgcaggca 3600 
cggacacagg cctcctggat tgccgcggag ggcagaaata gaaccctgga gtcgattgca 3660 
accaccttga gcactcgtcg tgggcaccat gactaccggg ctgccatcat cgcagagaac 3720 
catgatgacg ctgttcagaa actgtctgac attgtcaatg gtaaagcagc cgaatggacg 3780 
acgtcgagtc gtgttctcga tgccagttgc tccaaggacg tggtgtgggt tttctccggt 3840 
catggcgcac aatggactgc aatggctacg gatctcctca aagacattgt gttctatcaa 3900 
acaatcagcc gtctggaccc gattgtggag cgcgaaatgg gcttctcggc attgcattcc 3960 
cttgcaagtg gcgatttcga atcgtccatc aaggtgcaag tgctcaccta tctcgtacag 4020 
gtgggactag ctgccatctt gcgctcgaag ggattggagc cccaggctgt catcggtcat 4080 
tcagttggcg aaattgccgc ctcagtcgcg gctggctgtc tgactgcaga agaaggcgcc 4140 
ctgattgtca cccgcagagc aaacctctat cggcgtgtga tgggcgcggg cgcaatggtt 4200 
ctcgtcaaca ttccattcgc cgacatggag aaagagcttc aaggccggac ggacctcgtg 4260 
gccgccattg actcctcgcc atcttcatgt gttgtttccg gtgccactga ggctgtcctg 4320 
gcgctcgtgg aagacctcaa gtctcgtggt gtcaacgctt tccgggtcaa gacggatatt 4380 
cccttccacc acccgatgct ggatcaactg tccgagccct tgcgagaggc catggcaggg 4440 
tccctgtcgc cacgcaagcc cagagtccgt ctttactcga cgtcggcaga agacccacgc 4500 
agtatggttg ctcgggatat ccattactgg accagcaaca tggtcaaccc ggtccggttg 4560 
acggccgcag tgcaggcagc agtggacgat ggcctgcgat tgttccttga agtctcttct 4620 
catcccattg tgtctcactc tgtccgagag accatgttgg acctgggtgt ggaggacttc 4680 
accgtgacca acaccatggc tcgcaataag cctgccgaca agaccattct gtccagcatt 4740 
gcgcagcttc actgtcgggg cgccgtcgtc aactggaaga agcagctgcc gggcccttgg 4800 
gcgctggatg tgcccttgac gacctgggac cacaagccct actggcggca tattcacact 4860 
ggccctatca gtgcctcgac tttgcacgat gtggacaaac acacgctgtt gggtcagcgc 4920 
gttcccgttg cgggagaaac gactatggtg ttcaccaccc agatggatga ccagaccaag 4980 
cctttcccag gaagccatcc actgcacggc tctgagattg ttccggctgc tgcccttgtc 5040 
aacactttcc tgcacgccac cggggctacc accctttcca acattaccct tcgcgtgcca 5100 
gtggccatca gccagccgcg cgacatccag gtggtggtgt cacagaatca aatcaagatc 5160 
tgctcccgtc tcactcagaa ggcgggctct ggggcagacg aaggttcctg gctgacacac 5220 
actacgggtc agtgggaggc tggtggaagc aagaacgccc cggcgcaact cgatattgct 5280 
gctatcaagg ctcgtctcgc taataacaaa ttggcggaca acttctccat cgactatttg 5340 
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gacaaggttg gcgtttcggc aatgggcttc ccttgggcag ttacagagca ctacggcacc 5400 
ctgcaggaga tgatcgctcg cgttgatgtc gcgccagacg tccccgcgac cagtccactc 5460 
ccctgggatg ctgcctcttg ggccccgatc ctcgatgcgg ccacctcagt gggatccact 5520 
ctctttttcg atcagcctcg cctgcgcatg ccggctcaca ttcacggggt tcaagtctac 5580 
accacgcagc cgcctcccaa ggtgggttac ctgtacgtgg aaaaggctgg cgatcgggat 5640 
ctggcggtgc atgtcagtgt ctgcgacgag ctcggaaccg tcttagctcg attcgaatcc 5700 
atgcgctttt ccgagatcga aggcacgccg ggcagtaacg gcagcgagga gagtcttgtc 5760 
catcagctcg catggcctcc cgccatctac agcgagaagc cgctgacgat caacaatgtc 5820 
gtcctcgttt cccgggataa gaacgtcgca gatctctact gtgggtcctt gaaagatcgt 5880 
gtgtcatcta tcacggtgct ggatgctgct gccgacctgc tttccctttc gcaggattcc 5940 
agcagtgtct tgcaagcaaa agatacagcg gtggtgtacg tgcccggtcc cctccacagc 6000 
gcggattcta tcccgactgc ggcccattct ttcctcatgg aattgctcct cctggtcaaa 6060 
atcattgtca atggctcttt gcccaccaag gtctttgtcc ttacggaccg cgtctgcgag 6120 
agtgagtctg ctacggctct cgctcagtct ccgatccacg gtgtctcccg tatcattgct 6180 
gcggagcacc cagatcaatg gggcggactg attgacgtcg aaacgccggg ccagttccca 6240 
ctcgagacga tgaagtatgt gcaggaggcg gacaacatcc gcatctcgga tggcataccc 6300 
agaattgctc gtctgcgccc gcttcctcgc gacaagctcc taccgcctag caagcagact 6360 
tccctgctcc cccgacccga aggtacctac ttgattacgg gtggactggg tgctcttggg 6420 
ttggaggtcg cacagttcct ggtggaaaag ggtgctcgtc gattgatcct cgtttctcgg 6480 
cgtgccttgc ctccgcgccg ggagtgggca gacatccttg ctgatgcatc gtcctcgctg 6540 
gcgccggcgc tggagacaat ccaggccctt gaagcacagg gagccactgt ccacactctt 6600 
gcagtggaca tttcctctcc tgacgcagcg cctcaactgg ctgtcgccat tgattctctg 6660 
tcgctacccc cagtccgcgg cgtggtccac gcagcaggcg ttctggacag ccagctggtc 6720 
ctctccgcca cgtcagactc tgtcgagcgc gtgctggcgc ccaagatcac cggagcgctg 6780 
gtccttggca ccgtcttccc ccccaaggcc ctcgatttct ttatgctatt ctcctcgtgc 6840 
ggacagctac taggcttccc gggtcaagca tcctacgcgt ccggaaacgc gttccttgat 6900 
gcattcgcaa cctcgcgccg acaccaagga gacaacgcgg tcgccgtgca gtggaccagc 6960 
tggcgctccc tcggcatggc agccagtacc gacttcatca acgctgagct ggccagcaag 7020 
ggcatcactg acatcacgcg cgacgaggga ttccgcgcat ggatgcatat ttccaaatat 7080 
gatatcgacc aggccgccgt cttgcgcagt ctggccttcg aggccgatga acccctcccc 7140 
acccctatcc ttacggatat tgccgtccgc aaggctggct ccgcctcctc cgcggatgct 7200 
ccctctgctg caccgaaaga gacgaacgaa atgccggaat cgatcccgga gcgtcgtgcc 7260 
tggttggatg agcgaatccg tgattgtgtg gcccgcgtgc ttcagctggg gagcagcgat 7320 
gaggttgatt ccaaggccgc tctgagtgac ctgggagtcg acagtgtcat gaccgttagc 7380 
ttgagaggtc agctgcagaa gacgttgggg gtcaaggtgc cacccacact gacctggagt 7440 
tgcccgacgg tgtcacatct ggtcggatgg tttttggaaa agatgggaaa ttgagtagag 7500 
ctgacggttt caccttgtgt gttcttcatt tgatatagat ttgttgtttt cgtctctgct 7560 
ttcccccttt gcgcgttccc ctgaatcaat ttgcctagac tgttatgcca actgaacctg 7620 
acgagattgt atatgtcact ggaatgaatt tgtgtgagaa cattagcaat atacgagtca 7680 
tggttttgga tatatatata ctctccctgc gcgaaaggac gcaggaatga agctggagaa 7740 
gaggcgatga attggatagg ccctctgcag acgcctctgg agcaggggat gcgctaggcc 7800 
taaacgggca ggctcagggc ctgaggctcc tgcgttccca attgttcccc catcagacca 7860 
agggtgttgg ggacggagag ctttgtcttg cgcaataaag aatagtcgat ttaatttctt 7920 
gaacatgcac ataccgcagc attgtaggaa ttggctcgtc aattgatata attcggacgt 7980 
atctcaacat catccgtaga gcatcgtgtg tgaaatatat atcataccaa cgtgaatact 8040 
atcaagaaga cataggttct agttactgag atagtcgcat taaacagctc gcatcaacta 8100 
tgcgtatgct tcgctaacca ccgcagcatg taaagatacc acactcactg aaagttgatc 8160 
tgagatgaga actgcaagag gcagtattca ccgagtcagg ccgtcctatc ttctggtgtg 8220 
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tggacaactt cccactgcta cgtattcatc gactaaggtg tggacagtgt agtacattat 8280 
ctgtaagcta cttcaggcag tacatgcgac gtgtgccaga gatagtctct gatccagtaa 8340 
acgacatcgt gacaacgaac aagatcatcc aaaaccggag cttgcttata ataacctgac 8400 
aggataacca cttatatttg cactcccaag cccggagtgt atgctccagt acagtagtag 8460 
gctatcacct cagaaaaccc cataaattca cttactcaag atatcctctg caatcaattc 8520 
gccaaatgca tctaaatagt ggagttagcc acgctcatcg aacagtctta gggcatctta 8580 
cagatggagc tcatcggatg gcccggaggg agatacggca aagcactcgc atcgacgact 8640 
ctcaggttcg aaacaccgta taccttggcg cgagtatcga cgaccgcgtc cggattcgaa 8700 
gaattgccca ttgcacctag aaatgtttga tcagcccaca gcctgctgcc tgtagtggtt 8760 
cggtggaagg ccatacatgt tgagctggcg tgatacccat tcacggcgta gttcctcacc 8820 
cactccagaa tctccgcgtc gcttacgact tcaggaccgg gcagaacctc cttgacgcgg 8880 
actccagttg cctctgcaat ctgcctcagt cgcttgatag ccccgacagc cagatcggca 8940 
tccgcagggt ggcttaatgc attgatgttg atgatgggcg cgtcatgggg atcggcgctg 9000 
cgcagcttca cataccctcg agagctggtg ctctggacgg cagcggtgac ggaggcaaag 9060 
tgatttgcaa gcggatcgga tgcggggttg gagccagggg ccagggccac atattccact 9120 
tcggggaaat catctgggaa actggcaagg gtttcatttg tcgagttgga aaagctgacc 9180 
cggttgggga gtttttccca tcctatacat taccatcacc cagttagcaa ggccgacacc 9240 
ccttcaaaca aacaatggcg tgtgaagcag gtaactcacc aacaacgcca ccgccaatgc 9300 
ccgtaagtgg accggtctgc tggttgagat acgattcgac ggcttctgcg agcagatcgg 9360 
ggtcgaccag aacccctgaa ttggtggtga tattcatctc atgactggtg aagatgaaga 9420 
ggtgatccta gtggtgattt tagtctagag ctgagaatga gtctccaaac aacctaccca 9480 
caagttctgc ccaacgcccg ccagatcaga gattacagga attc 9524 



<210> 3 
<211> 7588 
<212> DNA 

<213> Aspergillus terreus 
<400> 3 

tatctcttcc cttaatgatc ggatgtctaa aaggagcagt ggatttcgag atctaatcta 60 
cacccatcgg actactcaaa ggagtcatac tatggagcac acgtagcgcg atagagacgt 120 
agataagatg gagagggcgg ggataaattc tagacctgca gattgtgagc cccaattacc 180 
caaaaaggca aaagaccctg cacattgacc taagcggatg atagttatgc tccgtgaata 240 
tacggaatag tagaatctga caagcagatt ggcaccccca gctctaccaa taacgatgga 300 
acgggcatac cacgacacac gcaagagtct gtcgctaagg ggagctactg cacggtgtcc 360 
cttggtctca aagcgctagg ggaaacggcg cgaaacagat ccacagttcc cacagtgaca 420 
gactgtcttc ggctatcatt ccctaaccgc gaatgaggac ccataatgag accaccattc 480 
caagaatacc aagaatacca aggatgccaa ttctcaccat cgcagacgcc gagacttcca 540 
gacgtgcttg atgcgacttc gcgacgtttt agcgccagaa gccatcacag attaatcatt 600 
cctttaccta aaggggttct gcggtgcagg gctccgagag acaggcgcca attcctggcg 660 
ctagtctcct atctgcacgt cccgggaaga ttccgtagga ctggatgccc gaattgttcg 720 
cgggatgcaa gtgttgacga agatccacca agacttgttt gcacatggca ggtgcactgg 780 
agattctgat tcgaaacact atccaccata cctcgcgtgg tactgctgaa gatggtgatc 840 
aagcgaatca agacagaagg agtcaaatcc ctcgcgatat tcagaaaact gtagtaatat 900 
cagtgaatca tatactgtac cgagtataag atgtagagcg acgccgaaga ttttgcggac 960 
tttcaatcaa agaaattccc taccatacca tctctcctct tcaggcgtta taggattctc 1020 
tcctctatca gttgatgctc cattgacaaa atcttttacc ggcttctctc gcatagacag 1080 
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caaatatcag caagagcagc catggaggta catggagatg aagtgttgtc agtcgactct 1140 
ggcatctcaa ctccgccctc gacaggaagt ggatttcgga ggccactaga gactcccgga 1200 
acagaaatcg ggaatctcaa tcttgtgggt cttgctagct cccccaccgt tctatgcact 1260 
gtatctgacc tctgggaacc attcagaacc ctcagaatga ggttgccgtt gttggaatgg 1320 
cctgccggct tgccgggggc aatcattctc cggaagaact gtggcagtcc attctaaaca 1380 
ggaaggatgc ctctggcgag atcccaagca tgcgctggga gccgtactac cgtcgggaca 1440 
ttcgcaaccc caagatccta gatcaaacga caaagcgcgg ctacttcttg gaccacatcg 1500 
agaattttga tgccgcgttc tttggcgttt cccccaaaga ggccgagcag atggaccccc 1560 
agcagcggtt gtcactcgag gtgacttggg aggccctgga agacgcagga atcccaccgc 1620 
agagtttgtc cggctcagaa acagccgtgt ttatgggggt caattcggat gattattcca 1680 
agctcttact ggaagatatt ccgaacgtgg aggcctggat gggcatcggc actgcgtact 1740 
gcggagtccc gaaccgcatc tcctaccacc tgaacctcat ggggcccagc actgccgttg 1800 
atgccgcctg tgcctcctct ctcgttgcca tccatcacgg acgacaggcc atcctacaag 1860 
gcgagagcga agtcgctatt gtcggaggag tcaacgctct ctgcgggcca ggactgactc 1920 
gcgtactcga taaggcagga gcgacctcca cggaaggtcg ctgtctctct ttcgacgaag 1980 
atgcgaaggg ctacggccgt ggtgaaggag ctgcggtggt gatcttgaaa cggctgtcca 2040 
ccgccatccg ggacgagacc acattcgcgg ccatcatcaa gggtagtgcc gtagcacagg 2100 
atggcaaaac caacggcatc atggctccca acgccaaggc acaagagctt gtggcatgga 2160 
atgctcttcg gacagccgga gtcgaccctc tgacggttgg gtatgtggaa gctcacgcaa 2220 
cgtcaacccc tcttggcgat cctaccgagg tcagcgccgt ctcagcagtc tacggcaaag 2280 
gcagaccgga agggaatcct tgcttcattg gctctgtcaa acccaacgtg ggccatttgg 2340 
aagcgggcgc tggcggcgtc ggtttcatca aagcagtcat ggcagttgaa aaggccactt 2400 
tccccccaca aaccaacctg aagagactca attctcgcat tgactgggac caagccggag 2460 
tgaaggtcgt ccaggagaca ctggaatggc ctggcaatga ggatgacgtc cgccgagccg 2520 
gtgtttgctc ttacggatat ggcggtacgg tctcccatgc aatcatcgag gagtttgcgc 2580 
aacagctcca acggccgact accaacacaa ccgatgaaga gcctctgcct cggattcttc 2640 
tgctgtcggc acctcaagag agacgccttg ctttgcaggc acggacacag gcctcctgga 2700 
ttgccgcgga gggcagaaat agaaccctgg agtcgatcgc aaccaccttg agcactcgtc 2760 
gtgggcacca tgactaccgg gctgccatca tcgcagagaa ccatgatgac gctgtgcaga 2820 
aactgtctga cattgtcaat ggtaaagcag ccgaatggac gacgtcgagt cgtgttctcg 2880 
atgccagttg ctccaaggac gtggtgtggg ttttctccgg tcatggcgca caatggactg 2940 
caatggctac ggatctcctc aaagacattg tgttctatca aacaatcagc cgtctggacc 3000 
cgattgtgga gcgcgaaatg ggcttctcgg cattgcattc ccttgcaagt ggcgatttcg 3060 
aatcgtccat caaggtgcaa gtgctcacct atctcgtaca ggtgggactg gctgccatct 3120 
tgcgctcgaa gggactggag ccccaggctg tcatcggtca ttcagttggc gaaattgccg 3180 
cctcagtcgc ggccggctgt ctgactgcag aagaaggcgc cctgattgtc acccgcagag 3240 
caaacctcta tcggcgtgtg atgggcgcgg gcgcaatggt tctcgtcaac attccattcg 3300 
ccgacatgga gaaagagctt caaggccgga cggacctggt ggccgccatt gactcctcgc 3360 
cgtcttcatg tgttgtttcc ggtgccactg aagctgtcct ggcgctcgtg gaagacctca 3420 
agtctcgtgg tgtcaacgct ttccgggtca agacggatat tcccttccac cacccgatgc 3480 
tggatcagct gtccgagcca ttgcgagagg ccatggaagg gtccctgtcg ccacgcaagc 3540 
ccagagtccg tctttactcg acgtcggcag aagacccacg cagtatggtt gctcgggata 3600 
tccattactg gaccagcaac atggtcaacc cggtccggtt gacggccgca gtgcaggcag 3660 
cagtggacga tggcctgcga ctgttccttg aagtctcttc tcatcccatt gtgtctcact 3720 
ccgtccgaga gaccatgttg gacctgggtg tggaggactt caccgtgacc aacaccatgg 3780 
ctcgcaataa gcctgccgac aagactattc tgtccagcat tgcccagctt cactgtcggg 3840 
gcgccgtcgt caattggaag aagcagctgc cgggcccttg ggcgctggat gtgcccttga 3900 
cgacgtggga ccacaagccc ttctggcggc atattcacac tggccctatc agtgcctcga 3960 
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ctttgcatga tgtggacaaa cacacgctgt tgggtcagcg cgttcccgtt gcgggagaaa 4020 
cgactatggt gttcaccacc caaatggatg accagaccaa gcctttccca ggaagccatc 4080 
cactgcacgg ctctgagatt gttccggctg ctgcccttgt caacactttc ttgcatgcca 4140 
ccagggctac caccctttcc aacattactc ttcgcgtccc agtggccatc agccagccgc 4200 
gcgacatcca ggtggtggtg tcacagaatc aaatcaagat ctgctcccgt ctcactcaga 4260 
aggcggattc tggggcagac gaaggttcct ggctgacaca cactacgggt cagtgggaag 4320 
ctggtggaag caagaacccc ccggcgcaac tcgatattgc tgctatcaag gctcgtctcg 4380 
ctaataacaa gttggcggac aacttctcca tcgactattt ggacaaggtt ggcgtttcgg 4440 
ccatgggctt cccttgggca gttacagagc actacggcac cctgcaggag atgatcgctc 4500 
gcgttgatgt cgcgccagac gtccccgcga ccagtccact cccctgggat gctgcctctt 4560 
gggccccgat cctcgatgcg gccacctcag tgggatccac gctctttttc gatcagcctc 4620 
gcctgcgcat gccggctcac attcacgggg ttcaagtcta caccacgcag ccgcctccca 4680 
aggtgggtta cctgtacgtg gaaaaggctg gcgatcggga tctggcggtg catgtcagtg 4740 
tctgcgacga gctcggaacc gtcttagctc gattcgaatc catgcgcttt tccgagatcg 4800 
aaggcacgcc gggcagtaac ggcagcgagg agagtcttgt ccaccagctc gcatggcctc 4860 
ccgccaccta cagcgagaag ccgctgacaa tcaacaatgt cgtcctcatt tcccgggata 4920 
ggaacgtcgc agatctctac tgtgggtctt tgaaagatcg tgtgtcatct atcacggtgc 4980 
tggatgctgc tgccgacctg ctttcccttt cgcaggatcc cagcagtgtc ttgcaagcaa 5040 
aggatacagc ggtggtgtac gtgcccggtc ccctccacag cgcggattct atcccgactg 5100 
cggcccattc cttcctcatg gaattgctcc tcctggtcaa aatcattgtc aatggctctt 5160 
tgcccaccaa ggtctttgtc cttacggacc gcgtctgcga gagtgagtct gcgacggctc 5220 
tcgctcagtc tccgatccac ggtgtctccc gcatcattgc ttcggagcac ccagatcaat 5280 
ggggcggact gattgacgtc gaaacgccgg gccagttccc actcgagacg atgaagtatg 5340 
tgcaggaggc ggacaacatc cgcatctcgg atggcatacc cagaattgct cgtctgcgcc 5400 
cgcttcctcg cgacaagctc ctaccgccta gcaagcagac ttccctgctt ccccggcccg 5460 
aaggtaccta cttaattacg ggtggactgg gcgctctggg gttggaggtc gcacagttcc 5520 
tggtggaaaa gggtgctcgt cgattgatcc tcgtttctcg gcgtgccttg cctccgcgcc 5580 
gggagtgggc agacatcctt gctgatccat cgtcctcgct ggcgccggcg ctggagacaa 5640 
tccaggccct tgagacacag ggagccactg tccacaccct cgcagtggac atttcctctc 5700 
ctgacgcagc gcctcaactg gcagtcgcca ttgatgctct gtcgctacct ccagtccgcg 5760 
gcgtggtcca cgcagcaggc gttctggaca gccagctggt cctctccgcc acgtcagact 5820 
ctgtcgagcg cgtgctggcg cccaagatca ccggagcgct ggtccttggc accgtcttcc 5880 
cccccaaggc actcgatttc ttcatgctat tctcctcatg cggacagata ctaggcttcc 5940 
caggtcaagc atcctacgcg tccggaaacg cgttccttga tgcattcgca acatcgcgcc 6000 
gacaccaagg agacaacgct gtcgccgtgc agtggaccag ctggcgctcc ctcggcatgg 6060 
cagccagtac cgacttcatc aacgctgagc tagccagcaa gggcatcact gacatcactc 6120 
gcgacgaggg gttccgcgcg tggatgcata tttccaaata tgatatcgac caggccgccg 6180 
tcttgcgcag tctggccttc gaggccgatg aacccctccc cacccctatc cttacggata 6240 
ttgccgtccg caaggctggc tccgcctcct ccgctgatgc tccctctgct gcaccgaaag 6300 
agacgaacga aatgccggaa tcgatcccgg agcgtcgtac ctggttggat gaacgaatcc 6360 
gtgattgtgt ggcccgcgtg cttcagctgg ggagcagcga tgaggttgat tccaaggccg 6420 
ctctgagtga tctgggagtc gacagcgtca tgaccgttag cttgagaggt cagctgcaga 6480 
agacgttggg ggtcaaggtg ccacccacac tgacctggag ttgcccgacg gtgtcacatc 6540 
tggtgggatg gtttttggaa aagatgggaa attgattaga gctgatggtt tctccttgtg 6600 
tgttcttcat ttgatatata tttgttgttt cgtctctggt ttcccccttt gcctgttccc 6660 
ctgaatcaat ttgccaagac tgtgatgcca actgaacctg acgagattgt atatgtcaca 6720 
tgatattaat ttgtatgagg atattagcaa tagacgagtc atgtttttgg atatatatat 6780 
actctccctg cgcgaaagga ggcaggaatg aagctggaga agaggcgatg aattggatag 6840 
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gctttctgca gacgcctctg gagtagggga 
cctgaggctc cagcgttccc aattgtttcc 
gctttctctt gcgcaataaa gaatagtcga 
cattgtagga attggctcgt caattgacat 
agcatcgtgt gtgaaatata tatcatacca 
tagttactga gatagttgca ttaaacagct 
actgtagcat gcaaagatac cacactcact 
ggcagttttc accgagtcag gctgtcctat 
acgtatattc atcgactaag gtgtggacag 
cagtacatgc gacgtgtgcc agagatagtc 
aaaaagatca tctaaaaccg gagcttgctt 
ttgcactccg aaccccggag tgtatgctcc 
cctcataaat tcacttactc aagatatc 



tgtgctaggc ctaaacgggc aggctcacgg 6900 
ctatcaagtc aagggtgttg gggacggaga 6960 
tttagtttct tgaacgtgca cataccgcag 7020 
aattcggatg tatctcaaca tcatctgtag 7080 
acttgaatac catcaagaag acataggttc 7140 
cgtatcaact atgcgtatgc ttcgctaaat 7200 
gaaagttgat ctgagatgag aactgcaaga 7260 
cttctggtgt ctagacaact tcccactgct 7320 
tctagtacat tatctgtaag ctacttcagg 7380 
tcggatgcag tataagacat cgtggcaatg 7440 
ataataacct gacaggataa ccacttatat 7500 
aatacagcag tagcccatca cctcaggaaa 7560 

7588 



<210> 4 
<211> 674 
<212> DNA. 

<213> Bacillus subtilis 
<400> 4 

atgaagattt acggaattta tatggaccgc 
atgactttca tatcacctga aaaacgggag 
gctcaccgca ccctgctggg agatgtgctc 
ttggacaaat ccgatatccg ctttagcacg 
cttcccgacg ctcatttcaa catttctcac 
tcacagccga tcggcataga tatcgaaaaa 
cgcttctttt caaaaacaga gtacagcgac 
gactattttt atcatctatg gtcaatgaaa 
ttatcgcttc cgcttgattc cttttcagtg 
gagcttccgg acagccattc cccatgctat 
aaaatggctg tatgcgccgc acaccctgat 
gaagagcttt tata 



ccgctttcac aggaagaaaa tgaacggttc 60 
aaatgccgga gattttatca taaagaagat 120 
gttcgctcag tcataagcag gcagtatcag 180 
caggaatacg ggaagccgtg catccctgat 240 
tccggccgct gggtcattgg tgcgtttgat 300 
acgaaaccga tcagccttga gatgcccaag 360 
cttttagcaa aagacaagga cgagcagaca 420 
gaaagcttta tcaaacagga aggcaaaggc 480 
cgcctgcatc aggacggaca agtatccatt 540 
atcaaaacgt atgaggtcga tcccggctac 600 
ttccccgagg atatcacaat ggtctcgtac 660 

674 



<210> 5 
<211> 3370 
<212> DNA 

<213> Bacillus subtilis 
<400> 5 

atctgaaatc attcgggcat ctattttatc 
acaattggca tgacacatca aaaaacgctg 
tgtcgatccc gccattatcc aataccttta 
ctcaaattct ggtcgctgag ctgttcagaa 
atcaaatttt agtgatctat attgaagcag 
tctcactcgt ccagcatgtc atcgaacggc 
gttccgagta tgcttaccgt taaaggatta 



cgtgccgaaa ggcaatggga agccggctac 60 
ttccgcgtca ttttgccgca cggtttcgtg 120 
tcagcctgat taaagataca tccctcgcct 180 
aagcccagga aatcggcgcg cggaatcttg 240 
cctttattta ttggattatc tgcttcctgc 300 
gtcttgaccg ctacgtggcc aaataaggag 360 
aacaaatcat tcggtgaaaa tgaaatttta 420 
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aaaaagatag atatgaagat tgaaaaagga aaagtcatcg ccatacttgg gccttcaggt 480 
tcagggaaaa cgacgctgct ccgctgcctg aacgctctgg agatcccgaa tcgcggagag 540 
cttgcatttg atgatttctc catcgatttc tccaaaaagg tgaacaggcg gatatctaaa 600 
gcttcgccga aaatccggaa tggtgtttca ggcgtatcac ctgtcccgca ccgcacagcc 660 
ctcgaaaacg tgatggaggg ccctgttcag gtgcaaaaac ggaacaaaga ggaagtcaga 720 
aaagaagcga ttcagcttct tgataaagtc ggattgaagg acaaaatgga tttatatccg 780 
ttccagcttt ccggcggcca gcagcagcgc gtcggcatcg cccgcgcact ggcgatacag 840 
cctgagctca tgctgtttga cgaaccgacc tcagcgcttg atcccgagct tgtcggagag 900 
gtgctgaagg ttatcaagga cttggccaat gaaggctgga ccatggtcgt cgtgacccac 960 
gaaatcaagt tcgcgcagga ggttgcggat gaagtcatct tcatcgacgg cggcgttatc 1020 
gtggagcagg gaccgccgga gcaaattttc tccgcaccaa aagaagaacg gacacagcgg 1080 
ttcttaaacc ggattttgaa cccgctgtaa taagaaaaac agagcgtcag cgccctgttt 1140 
cagattattg acaaaatcct aaaacgatat tcgttttagg attttgtgat tttcagcgtg 1200 
attgaaaacc tttgaagtct aggaagggcg agcattggag cacagctaat gttaaattcg 1260 
tgagcaccga agcacaggcc tgacaacgaa tgcaagggtt tgccaacacg ctgaaacggt 1320 
ccggcggccc tgttttttgt tgagcccctt cgcctatccg cccttctgtc agatgtgcta 1380 
catgacaatc gactgatttt tacgaaagaa gggacctcac gtgaagcaag aacttgttct 1440 
gcgctggaca ttttattttg ccggtttgat cattttggct tttggtgtat ccctgacgat 1500 
agaaggaaaa gcactcggca ttagtccgtg ggatgcattt cattacagcc tgtttcagca 1560 
cttcgggctt accgtcggcc agtggtccat cattattgga gcgctcatcg tcggattcac 1620 
gtcattgttt acgagagctt ggccgaaaat tggtgccctc ctgaatatgg tgctcattgg 1680 
tgtatttata gattttttca atttcattct gcctgccctc tcgacctaca caggctcgat 1740 
catcgtcttc tctctaggcg tggtgctgat tggttacggc gtcggtgttt atgtatcagc 1800 
aggccttgcg gcggggccgc tgattcactg atgatgctga ttacagaaaa aaccggctgg 1860 
aatgtgcaat gggtgcggaa cggcatggaa ttaaccattt tgtttgcggc atggggcatg 1920 
ggcggaccga tcggttttgg caccattttg accgccatcc tcaccggact tattttgcgt 1980 
ttttcattgc cccagtcaat ccagttgctg aattatgctg tggcaaggcg gacacgagtg 2040 
aaagcatctc cgcctgtaca ctaaaacaaa gcgccttggc tttgtttttt tattttctcc 2100 
tctatatgag tcttgtggaa gtatgatagg atggttttga caatcttttg cagagcgagg 2160 
atctagaatg aagatttacg gaatttatat ggaccgcccg ctttcacagg aagaaaatga 2220 
acggttcatg tctttcatat cacctgaaaa acgggagaaa tgccggagat tttatcataa 2280 
agaagatgct caccgcaccc tgctgggaga tgtgctcgtt cgctcagtca taagcaggca 2340 
gtatcagttg gacaaatccg atatccgctt tagcacgcag gaatacggga agccgtgcat 2400 
ccctgatctt cccgacgctc atttcaacat ttctcactcc ggacgctggg tcatttgcgc 2460 
gtttgattca cagccgatcg gcatagatat cgaaaaaacg aaaccgatca gccttgagat 2520 
cgccaagcgc ttcttttcaa aaacagagta cagcgacctt ttagcaaaag acaaggacga 2580 
gcagacagac tatttttatc atctatggtc aatgaaagaa agctttatca aacaaggaag 2640 
gcaaaggctt atcgcttccg cttgattcct tttcagtgcg cctgcacagg acggacaagt 2700 
atccattgag cttccggaca gccattcccc atgctatatc aaaacgtatg aggtcgatcc 2760 
cggctacaaa atggctgtat gcgccgtaca ccctgatttc cccgaggata tcacaatggt 2820 
ctcgtacgaa gagcttttat aaatggctca tcaacagctt gacaccgcgc tcaatatctt 2880 
ccgttttcac attggaaata ttgattttta atagattttc tttcggataa tctgataaat 2940 
aatgacggtc tatcgcctca aggagaaccc cttgtttttc cagtctatga agtacactct 3000 
tgaggcgggc agatcctgag gaagcaccag atgggtgtgc atacagggtg cctgcccgct 3060 
ggagaacgta aagcgtccgc ttcccagctg cctgtgagtt cgaatggctt gatgtagcct 3120 
cagcgaccgc tctttataag aatctctgat tttctcctta tgcctgccgt acataccgct 3180 
tttcaggtaa atctccaatg ccgcttgaga aatcatcgaa cagtcgatgt cgttcagctt 3240 
tttgtacgca tagaacgtgt cagtcagcgc ttcgggcaaa acagccgccc ccacgcgagg 3300 
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ccggggaaca tcattttcga gaagcttttc aaatagatga catgtgagga cagatcatat 3360 
gcgtacagcg 3370 



<210> 6 
<211> 675 
<212> DNA 

<213> Bacillus subtilis 
<400> 6 

atgaagattt acggaattta tatggaccgc 
atgtctttca tatcacctga aaaacgggag 
gctcaccgca ccctgctggg agatgtgctc 
ttggacaaat ccgatatccg ctttagcacg 
cttcccgacg ctcatttcaa catttctcac 
tcacagccga tcggcataga tatcgaaaaa 
cgcttctttt caaaaacaga gtacagcgac 
gactattttt atcatctatg gtcaatgaaa 
cttatcgctt ccgcttgatt ccttttcagt 
tgagcttccg gacagccatt ccccatgcta 
caaaatggct gtatgcgccg tacaccctga 
cgaagagctt ttata 



ccgctttcac aggaagaaaa tgaacggttc 60 
aaatgccgga gattttatca taaagaagat 120 
gttcgctcag tcataagcag gcagtatcag 180 
caggaatacg ggaagccgtg catccctgat 240 
tccggacgct gggtcatttg cgcgtttgat 300 
acgaaaccga tcagccttga gatgcccaag 360 
cttttagcaa aagacaagga cgagcagaca 420 
gaaagcttta tcaaacaagg aaggcaaagg 480 
gcgcctgcac caggacggac aagtatccat 540 
tatcaaaacg tatgaggtcg atcccggcta 600 
tttccccgag gatatcacaa tggtctcgta 660 

675 



<210> 7 
<211> 1323 
<212> DNA 

<213> Bacillus subtilis 
<400> 7 

ctgctgaatt atgctgtggc aaggcggaca gcgctgtgaa agcatctccg cctgtacact 60 
aaaacaaagc cgccttggct ttgttttttt attttctcct ctatatgagt cttgtggaag 120 
tatgatagga tggttttgac aatcttttgc agacggagga tctagaatga agatttacgg 180 
aatttatatg gaccgcccgc tttcacagga agaaaatgaa cggttcatga ctttcatatc 240 
acctgaaaaa cgggagaaat gccggagatt ttatcataaa gaagatgctc accgcaccct 300 
gctgggagat gtgctcgttc gctcagtcat aagcaggcag tatcagttgg acaaatccga 360 
tatccgcttt agcacgcagg aatacgggaa gccgtgcatc cctgatcttc ccgacgctca 420 
tttcaacatt tctcactccg gccgctgggt cattggtgcg tttgattcac agccgatcgg 480 
catagatatc gaaaaaacga aaccgatcag ccttgagatc gccaagcgct tcttttcaaa 540 
aacagagtac agcgaccttt tagcaaaaga caaggacgag cagacagact atttttatca 600 
tctatggtca atgaaagaaa gctttatcaa acaggaaggc aaaggcttat cgcttccgct 660 
tgattccttt tcagtgcgcc tgcatcagga cggacaagta tccattgagc ttccggacag 720 
ccattcccca tgctatatca aaacgtatga ggtcgatccc ggctacaaaa tggctgtatg 780 
cgccgcacac cctgatttcc ccgaggatat cacaatggtc tcgtacgaag agcttttata 840 
aatggctcat caacaacttg acacctcgct caatatcttc cgttttcaca ttggaaatat 900 
tgatttttaa tagattttct ttctgataat ctgataaata atgacggtct atcgcctcaa 960 
ggatcacccc ttgttttttc agtctatgaa tcactcttga ggcgggcaga tcctgaggaa 1020 
gcaccagatg ggtgtgcata cagggtgcct gccagctgga gaacgtaaag cggcgcttcc 1080 
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cagctgcctg tgtgtttgaa tggcttgatg 
tctgattttc tccttatgcc tgccgtacat 
ttgagaaatc atcgaacagt cgatgtcgtt 
cagcgcttcg ggcaaaacag ccgcccccac 
ctt 



tagcctcagc gaccgctctt tataagaatc 1140 
accgcttttc aggtaaatct ccaatgccgc 1200 
cagttttttg tacacataga acttgtcagt 1260 
gcgaaggccg gggaacatca tttcgagaag 1320 

1323 



<210> 8 
<211> 1287 
<212> DNA 

<213> Bacillus subtilis 
<400> 8 

ccttggcgcg gggccgcgtg attcactgat 
tgtgcaatgg gtgcggaacg gcatggaatt 
cggaccgatc ggttttggca ccattttgac 
ttcattgccc cagtcaatcc agttgctgaa 
gaaagcatct ccgcctgtac actaaagcaa 
cctctatatg agtcttgtgg aagtatgata 
ggatctagaa tgaagattta cggaatttat 
gaacggttca tgtctttcat atcacctgaa 
aaagaagatg ctcaccgcac cctgctggga 
cagtatcagt tggacaaatc cgatatccgc 
atccctgatc ttcctgacgc tcatttcaat 
gcgtttgatt cacagccgat cggcatagat 
atcgccaagc gcttcttttc aaaaacagag 
gagcagacag actattttta tcatctatgg 
ggcaaaggct tatcgcttcc gcttgattcc 
gtatccattg agcttccgga cagccattcc 
cccggctaca aaatggctgt atgcgccgca 
gtctcgtacg aagagctttt ataaatggct 
ttccgttttc acattggaaa tattgatttt 
ataatgacgg tctatcgcct caaggatcac 
tgaggcgggc agatcctgag gaagcaccag 
ggagaacgta aagcggccgc ttcccag 



gatgctgatt acagaaaaaa ccggctggaa 60 
aaccattttg tttgcggcat ggggcatggg 120 
cgccatcctc accggactta ttttgcgttt 180 
ttatgctgtg gcaaggcgga cagccgctgt 240 
agccgccttg gctttgtttt tttattttct 300 
ggatggtttt gacaatcttt tgcagacgga 360 
atggaccgcc cgctttcaca agaagaaaat 420 
aaacgggaga aatgccggag attttatcat 480 
gatgtgctcg ttcgctcagt cataagcagg 540 
tttagcacgc aggaatacgg gaagccgtgc 600 
atttctcact ccggccgctg ggtcatttgc 660 
atcgaaaaaa cgaaaccgat cagtcttgag 720 
tacagcgacc ttttagcaaa agacaaggac 780 
tcaatgaaag aaagctttat caaacaggaa 840 
ttttcagtgc gcctgcatca ggacggacaa 900 
ccatgctata tcaaaacgta tgaggtcgat 960 
caccctgatt tccccgagga tatcacaatg 1020 
catcaacagc ttgacaccgc gctcaatatc 1080 
taatagattt tctttctgat aatctgataa 1140 
cccttgtttt ttcagcctat gaatcactct 1200 
atgggtgtgc atacagggtg cctgcccgct 1260 

1287 



<210> 9 
<211> 1619 
<212> DNA 

<213> Bacillus subtilis 
<400> 9 

ggcacgagac aaccacacgt ctttactttt 
ttctttcttt cattcaaaca ttttcacaaa 
tgatggctca tggccacatg attcctacgc 
gagttaaggc cactataatc acaaccccac 
aaagaaacaa gcatttgggt atcgaaatcg 



ctttctgctt tctgctacta aactacattt 60 
tgggtcagct ccattttttc ttctttcctg 120 
tagacatggc caagctcgtt gcttcacgtg 180 
tcaatgaatc cgttttctcc aaatctattc 240 
aaatccgttt gatcaaattc ccagctgttg 300 
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aaaatggctt acctgaagaa tgcgagcgcc tcgatctcat cccttcagat gataagctcc 360 
caaacttctt caaagctgta gctatgatgc aagaaccact agaacagctt attgaagaat 420 
gtcgacccaa ttgtcttgtt tctgatatgt tccttccttg gactactgat actgcagcca 480 
aatttaacat gccaagaata gtttttcatg gcacaagctt ctttgctctt tgtgtcgaga 540 
atagcatcag gctaaataag cctttcaaga atgtctcctc tgattctgaa acttttgttg 600 
taccgaatct gcctcacgaa attaaattga ccagaaccca gttgtctccg tttgagcaat 660 
cgggggaaga gacaactatg acccggatga taaaatcagt cagggaatca gattcaaaga 720 
gctacggagt tatcttcaac agtttcaatg agcttgaaca tgattatgtt gaacattata 780 
ctaaggtgct gggtagaaga gcttgggcta ttggcccact ttcgatgtgc aacagggaca 840 
ttgaagataa agctgaaaga gggaagcaat cctctattga taaacacgag tgcttgaaat 900 
ggcttgattc gaagaaacca agttccgtcg tttacgtttg ttttggaagc gtagcgaatt 960 
tcactgcatc acaactgcac gaactcgcta tgggaattga agcttctgga caagaattca 1020 
tttgggttgt tagaacagaa ctagacaacg aagattggtt gcctgaagga ttagaggaaa 1080 
gaacaaaaga gaaaggttta atcataagag gatgggcacc tcaagtacta attcttgatc 1140 
acgaatctgt gggagctttt gttacacatt gtggttggaa ttcaacacta gaaggagttt 1200 
caggaggtgt tccaatggta acatggcctg tgtttgcgga gcaatttttc aatgaaaagt 1260 
tggtgactga ggttttgaaa actggggctg gtgttggttc gattcagtgg aagagatcag 1320 
ctagcgaagg agtgaaaaga gaagcaatag ctaaggcaat aaagagagta atggtgagtg 1380 
aagaagcaga gggattcaga aacagagcta aagcgtataa ggagatggca agaaaagcta 1440 
ttgaaggagg aggatcatct tacactggat tgactacttt gttggaagat attagtacat 1500 
atagttctac tggtcattaa gttatgatta aaaaaaaaag tagttcttag tatgatttct 1560 
atactgtttt tgtgcttttt ctgtatgtga ctgtgctaat ttaaacattt ccttttgtc 1619 



<210> 10 
<211> 1624 
<212> DNA 

<213> Nicotiana tabacum 
<400> 10 

gcacgagctg aaaacaacca cacagcttta tatttctttc tattttctgc tactaaacta 60 
ggagtacatc tttctttctt tctttcaagc attttcacaa atgggtcagc tccatatttt 120 
cttctttcct gtgatggctc atggccacat gattcctaca ctagacatgg cgaagctctt 180 
tgcttcacgt ggtgttaagg ccactataat cacaacccca ctcaatgaat tcgttttctc 240 
caaagctatt caaagaaaca agcatttggg tatcgaaatc gaaatccgtt tgatcaaatt 300 
cccagctgtt gaaaacggct tacctgaaga atgcgaacgc ctcgatcaaa tcccttcaga 360 
tgagaagctc ccaaactttt tcaaagctgt agctatgatg caagaaccac tagaacagct 420 
tattgaagaa tgtcgccccg attgtcttat ttcagatatg ttccttcctt ggactactga 480 
tactgcagca aaatttaaca ttccaagaat agtctttcat ggcacaagct tctttgctct 540 
ttgtgttgag aatagcgtca ggctaaataa gcctttcaag aatgtgtcct cagattctga 600 
aacttttgtt gtaccggatt tgcctcacga aattaagctg accagaaccc aggtgtctcc 660 
gtttgagcga tctggggaag agacggctat gacccggatg ataaaaacag tcagggaatc 720 
agattcaaag agctatggag ttgttttcaa cagtttctat gagcttgaaa cagattatgt 780 
tgagcattat actaaggtgc tgggtagaag agcttgggct attggccctc tatcgatgtg 840 
caacagggac attgaagata aagctgaaag aggaaagaaa tcctctattg ataaacacga 900 
gtgcttgaaa tggcttgatt cgaagaaacc aagttccgtc gtttacattt gttttggaag 960 
cgtagcgaat ttcactgcat cacaactgca cgaacttgct atgggagttg aagcttccgg 1020 
acaagaattc atttgggttg ttagaacaga actagacaac gaagattggt tgcctgaagg 1080 
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attcgaggaa agaacgaaag agaaaggttt 
aattcttgat cacgaatctg tgggagcttt 
agaaggagtt tcaggagggg ttccaatggt 
caatgagaag ttagtgactg aggttttgaa 
gaagagatca gctagtgaag gagtgaaaag 
aatggtgagt gaagaagcag atggattcag 
aagaaaggct attgaagaag gagggtcatc 
tataagtaca tatagttcca ctggtcatta 
tactccgtac ttggtattat ttctgtactg 
aaac 



aataataaga ggatgggcac cccaagtact 1140 
tgttacacat tgtggttgga attcaacact 1200 
aacatggcct gtatttgctg agcaattttt 1260 
aactggagct ggtgttggtt cgatacaatg 1320 
agaagcaata gctaaggcaa taaagagagt 1380 
aaacagagct aaagcgtata aggagatggc 1440 
ttacactgga ttgactactt tgttggaaga 1500 
agttatgaat agcaacaaaa aaaaatgtag 1560 
tttttgtgct tttcctgtat gtgctaattt 1620 

1624 



<210> 11 
<211> 675 
<212> DNA 

<213> Nicotiana tabacum 
<400> 11 

atgaaaattt acggagtata tatggaccgc 
atggcggccg tgtccgccga aaagcgggaa 
gctcaccgca ccttgatcgg cgacatgctg 
cttgatccgg ccgggatttc attcggcgtc 
cttccggaca tgcactttaa catttcccac 
tcaaaaccga tcggcattga tattgaaaaa 
cggttttttt cgccgacgga atacagtgat 
gattattttt accacctgtg gtcgatgaaa 
ctttccctgc cgcttgattc attcagcgtc 
gagcttccgg acgggcatga accttgtttc 
aagctggccg tttgtgcggc gcatcccgat 
gaagagctgt tataa 



ccgctttctg caggggaaga ggatcggatg 60 
aaatgccggc gcttttacca taaggaggat 120 
atccgcaccg ctgcggcgaa ggcttatgga 180 
caggaatacg gaaagccgta catccccgcg 240 
tccgggcgct ggatcgtgtg cgccgttgat 300 
atgaagcccg gcacgattga tatcgccaaa 360 
ctgcaagcga aacaccccga tcagcagacc 420 
gaaagcttta tcaaacaggc cggaaaaggg 480 
cgcctcaaag acgacggcca tgtgtccatt 540 
atccgcacat atgatgcgga cgaggagtat 600 
ttttgtgacg ggattgagat gaaaacgtat 660 

675 



<210> 12 
<211> 1440 
<212> DNA 

<213> Nicotiana tabacum 
<400> 12 

ttttggccat caattgagaa gaagttgcaa 
atcttaccat atccagctca gggtcatatc 
caatccaaag gtgtcaaaat cactatagca 
gaattgtcaa cttctgtgtc agtcgaggct 
gagcaagctg gaacctttgt ggcctatatt 
ttgtctcagc ttattggaaa gttaacaaat 
gatccatttc ttccttgggc tgttgaagtg 
tttttcactc aatcttgtgc agtggataac 
aaacttcctc caactgacgt tgataaagaa 
gcatcagatg tacctagttt tgtttctaat 



aagatgacta ctcaaaaagc tcattgcttg 60 
aaccctatgc tccaattctc caaacgtttg 120 
gccaccaaat cattcttgaa aaccatgcaa 180 
atctccgatg gctatgatga tggcggacgc 240 
acaagattca aagaagttgg ctcggatact 300 
tgtggttgtc ctgtgagttg catagtttac 360 
ggaaataatt ttggagtagc tactgctgct 420 
atttattacc atgtacataa aggggttcta 480 
atctcaattc ctggattatt aacaattgag 540 
cctgaatctt caagaatact tgaaatgttg 600 
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gtgaatcagt tctcgaatct tgagaacaca gattgggtcc taatcaacag tttctatgaa 660 
ttggagaaag aagtaattga ttggatggcc aagatctatc caatcaagac aattggacca 720 
actataccat caatgtacct agacaagagg ctaccagatg acaaagaata tggccttagt 780 
gtcttcaagc caatgacaaa tgcatgccta aactggttaa accatcaacc agttagctca 840 
gtagtatatg tatcatttgg aagtttagcc aaattagaag cagagcaaat ggaagaatta 900 
gcatggggtt tgagtaatag caacaagaac ttcttgtggg tagttagatc cactgaagaa 960 
tccaaacttc ccaacaactt tttagaggaa ttagcaagtg aaaaaggatt agtcgtgtca 1020 
tggtgtccac aattacaagt cttggaacat aaatcaatag ggtgttttct cacgcactgt 1080 
ggctggaatt caactttgga agcaattagt ttgggagtac caatgattgc aatgccacat 1140 
tggtcagacc agccaacaaa tgcgaagctt gtggaagatg tttgggagat gggaattaga 1200 
ccaaaacaag atgaaaaagg attagttaga agagaagtta ttgaagaatg tattaagata 1260 
gtgatggagg aaaagaaagg aaaaaagatt agggaaaatg caaagaaatg gaaggaattg 1320 
gctaggaaag ctgtggatga aggaggaagt tcagatagaa atattgaaga atttgtttcc 1380 
aagttggtga ctattgcctc agtggaaagc taagtgccat agaaaaataa tgaagaagct 1440 



<210> 13 
<211> 171 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: sequence 

encoding a chloroplast transit peptide that is a 
fusion of two sequences 

<400> 13 

atggcttcct cagttatctc ctcggcagcc gttgctacta gcagcaatgc tgttcaagct 60 

agcatggttg cacctttcac tggcctaaaa tctgcctcag ctttccctgt taccaagaag 120 

aacaaccttg acattacttc ccttgctagc aatggtggaa gagtccagtg c 171 



<210> 14 
<211> 156 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: optimized 

sequence encoding a chloroplast transit peptide 

<400> 14 

atggcgtcct ccacgatggc cctctcctcc accgccttcg ccggcaaggc cgtgaacgtg 60 
ccgtcgtcgt ccgccttcga ggcccgcgtg accatgagga agacggcggc gaaggccaag 120 
ccagctgcgg cgtccgggag cccgtggtac ggcccc 156 
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